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cHJ££. 
£ 1 

.'£'?:!£] 

£ l£ *JaH13 OFDMAlJL 3^*1^0] £A|5)-^ a.s. £ o]4. 

£ 2^r 4l S] 3L% £<&3Kf £A] OFDMAlJro] °fl# £ a|5>^ e|.oJ ^eo]4. 

£ 3£ *1)2 ^Ajofl^ OFDM Aj 31 33^) ^EflO] -7Aj^. C A |5}.^. -H-.SLC014. 

£ 4a^r 3 5)1 o|t^ SA) oflf. £A|g;>^ Jie^t)-. 

£ 4b^r ^A|°d2l SIM 1 *] «W °fl-f £A|^fe a2)li£^lcK 

£ 5^T *1|3 ^AH^ OFDMAji A}^A|A.EflO] ^LA^ £Al^ S-ifL £ o)cJ-. 

4 

£ 6£ ^14 ^JAloflo] OFDMAJS ^^A|/;Eflo] ^aj^. £Als}-^ 
£ 7£- ^15 AjAl^]^ OFDM-tlJl ^^Al^Eflo] =f.^ £Al^ a.s. E ol4 
£ 8£ ^16 *Ja1o|)^ OFDMAJ^ ^Al-AEfljil ^-A^ £ AlsVfe- -|-s.£o|cf. 
£ 9t 47 ^Al^^ OFDMAj Jl 3*Aj ^e«o| _ 7 a^ ^a}^ ^^-£o]cf. 

£ 10^ ^18 OFDMAJX Ai^Al^EflO) ^.g. CA)5|-i=- ^scolt:)-. 

£ ll£ ^19 iJAHls] OFDMAi± ^^Aj^Ejoj ^.aj^. ^a)^ -asc-olcf-. 
£ 12^ ^110 ^a1<^]o] OFDMA] Jl ^a^ea 3 ^a^ ^a)*}± a.s. £c> )cf 
£ 13^ 4l0 ^Al^of] oic^A^ nl-oj^Ai jrs. 3.&t}±r OFDMAJ^I- »S*Hf 
£ 14^- ^Hl 10 aJaH]^ Si*H2l ^s. ^#-§- Aj^s)-^ S^lnf. 

£ 15^ ^Aloflo^ 0FDMAJJ1 ^Al^Eflo) _ 7 a^ £ A|5V^ *^£^4. 

£ 16£ ^]10 5J ^lll ^AHlcH) $JoH£, atftt^ <?!^-7|2] ^ ^s. ^*m±r l-^-£o|^. 

£ 17£ £ 16^1 £A)El^ «jq§^ "S^HI A)-§-£|^ ^ (jg^) -a}.^ oj ^u. ^a).s. £ A)sfe ^£°|t:)-. 

£ 18£ £ 16<H) £A|S)^ A}rt*V^ c^ej <aAj-7|o)| Af-g^ ^±^7]2^ tfl-f ^£ £ a]^ ^5.o]t\. 

£ 19^r ^112 AjA|oilo)l oj^OFDMAlJr ^^A)^Efl2] ^-a^ E a|s}-^ ^ E o]c)-. 
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£ 20£ all 12 *M«M SM^l 4U ^£2) <4t £*l*Hr £«<>14. 
£ 2l£ >fl 13 ^aMH 2) # OFDM-Si 3£Aj^o] ^.a. 5.A]t\t #-lr£ 0 14. 
£ 22^ all 14 ^HHI 2]ttOFDM*J5l #£A|^Eflo| ^-fr £44fe t-4£°)4. 
£ 23-g: afl 13 $ *i]l4 ^^Hl^l 44* -g D j*Hr ^41" £*)*r£r ££014. 
£ 24^ a)] 13 ^ a|| 14 ^}°\}2] a 41" 1^4fe ^4# 3E4*rfc- £^ 0 I4. 
£ 25^r a|]l3 ^ XI 14 ^aW 5.41" A^aH? 14t £ A 14r: £-?t 0 )4. 
£ 26£ afll5 ^a)cx)|o1| S)*V OFDM^lJl SI^a^eA <>] .-^.a. £Aj*|.fe. s.i|Lc 0 |4 

£ 27a^r *I|15 ^^H]°l| >£^4-r£4^ 3 3^4 SJ3.S] aflr^-^ oflf. ^44^ a.^-c 0 |cK 

£ 27b£r a))i5 ^a|o|o| fl©H2] «V^^4^£4^ ; S ^#4 33-2] a)]2 ^ «1# £ A l*Kr f-4£°14. 
£ 28£ XI 15 -a^m'SIH^2| l>^^4 i r£4^^ ^54 33.21 ^|3 ^ °flf- £^14^r #4£°14. 
£ 29^ a)]i5 -MaHHI $Wa}£] 3fl5! °fl^# 4^2] 7fl#7l 4 -§- efl o) Aj cfl 9$ ^43. £ a|4^ E<3<>)4. 
£ 30£- £ 291- a] -f- 3)44 2] Aj^ S a1«1-^ 

£3l£ afl 13 -SH 0 ! x£±- *)| 14 *1a}<4)6\] 5]cflHl# t A <3 *}-§-4 ^-fofl OFDM4S 3**1^21 ? 

£4 4^ ^4£°14. 

£ 32fe £ 3 HI £A|£l^ ^ £<9-7l4 a^| 4 £a)4^ -g.is.s44. 

£ 33£ £ 31<H| £Al£)^ s|cDHl §^7|S] ^.g. £a|4£. a.s. £ oi4 

£ 34^ a)H6 AjAloflofl $1442! QFDMAji #£a|^e«o| ^aj o. ca)4^ l-^-£^4. 

£ 35-Jr £ 34°fl £a]e)^ 40] u] a| e! 7^ 04^7] 4 401443 4 A j7|21 ^.g. £ a)4^ 1-4£°14. 

£ 36£- afll6 tJAl^HI ai^A^ S1 a|sj ^4 £ 31 o|| £a|£|^ -?Ajo)| $1443 a ^ «E4*Hr £4°I4. 

£ 37£- MIMO *Hg<* S1«H^S1 ^t^H 1 -^ ^ °ilt £44rr #4£°I4. 

44?} Ajoj 

c oH -1 -1 

4<go| 4>*H= 7l# <U II S-0|:S) #e)|7l# 



€■ ^tfl^ «l*«0 f-ti -i- 0 )) 51«H A 1 ^Js* a^s. aije4^ ^«?Hel«H ^el?flel 

<H 2)5L -t^t 4^ (OFDM: Orthogonal Frequency Division Multiplexing) aI^^^a) ^Efl^] 

^°)4. iL4 A oMI47fl^, 'SEl^^ 5flo|^ Q% 4<H1 ^<HAi 4^2] ^AloJ.E)|4sj. 44,^ ^aIoVe^S. o|^31)a-1 

»14^°J ^4^r °l-§- ^-y«-4 f- A HI ^4^5.^1 0l-§-^ ■ JL42] Ain^^ ^^4^ £1} §t 4t(SDM 
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: Space Division Multiplexing) 44 2)-ffi44 -§"4 4f l (PDM: Polarization Division Multiplexing) -§- 4-8- 
4 0FDM4.2. 4^ A ):i E ,H 44 344. 



"I^tll, 4^3 4-§-f"4°IH4 4# 7Hr4 ^4^r CH^O) *)I45H oJ 7 | uflg-o^ £344 ^JB]u]t]o]o\] ^t}7) $\ 

sMtt il^ »M3isf f-44 -S-f-tb fe£ ^4t 4-8- Jl^si <*4°1 <334 ^4^ 4^ "Jol^ 

# 4444 n#4 4«t 1:2.71- satj, 

434 ^4^ ffl«l* 4-8-«»4 D-8-4 • n42] 4^-f-4-& 4444 ^)«n>H 4-S-4 44 4^4 *H4sU s*4. 4, 

442] #4143144 ^Al^tfluff. o|-g-«||4 MIMO(Multiple Input Multiple Output) *])4* 444:H, £4 

#°))44 4444 44*1)4 442] *H4-§- 4444 444°fl44 44714 7jl# £j (canceller) 4| 2]s|H 

4 *im-t- £«W4 tfl-8-44 ££44. 

#4^°fl4 N7H2] 444^1 44 o)-§-sU M7fl£)(M>N)S) 4443144 444 ^o]| ^^5]^MIM0 

3143 3)4^ ^fl^l 444^r 4^2] -g-^= 44 444^3- £444. 

44*1 1 

C=\og 2 [de<(l+-LH •//')] 



4714, H ^ MXN2] uflEejiSAi a ^a|c]. b1 )u)-S}. jtH*]] ^A]oV Eflu }- Ato] A^f^o] 4. 

14 MXN21 IL44 «91. p4 SNR44. £4, det4 determinant, *£r ^i^-fr 44\34. M=N4 «!), 44 

21 444 44 44^51 £444. 

44^! 2 

C=£log 2 (l-|x 2 ,) 



°i^l^,x" a 4 k42] 44443 JL3H- 44^4. 4, MIMO ^tf4Hfe 4*48- 44 *fl^2] Nnfl7)- s>4. o|*)^ M 
IMO ^°114 443£iiL 3.3 ?J} ^ sv ^ flo.^^ o|^xioflAf cfl-g-^ • n^f 444 4«4 4 514. 



434MIM0 ^^»)1^2] ^e|] ^aI^o] ^ oj|f. c 37o1 | ^A|^cf. o)± N? ^^ ^A]ov E flu} (i 1 10 -1-1110 - 
N)Sl-N7fl2l 444314(1111 -i-nii -N)t 444 £-44(£#ft)* *gSRr 444442) ^4 °fl£4 44 
#°H44 44 3£-e 43L7|(1101 -1-1101 -N)<HI4 -?-J:S|-s|JL. 4334(1102 -1-1102 -N)°114 433«-34 
N7fl°l >*li7l(ii03 -1-1103 -N)°l] ^ 

^r^^'HlrrN -17fl£j 7j}^e1(lll4 -1-1114 - (N -I))2l-N7fl2] -§-S)-7l (1 1 15 -1-1115 -N)7} u|]*]£H 
^°J" Efl (11 11 .1)2) -A)Al^ fe ^Aj f-5t7)(H15 -l)°))Ai CjolEi 3^(1116 -1)^ cloje^ 

asj'H. 4i7i(ni8 -iH <ys!=!4. 4s7l(ni8 -1)^)4^-^71(1101 -1)^)^51 -Y-sisH tfl^-^4^71-^^ 

4i^l(lll8 -1)2] #34 £l°l&|e|B](iii6 -1)2) *Hfr* $|«\2.£*| 4 A tJ ^*44. 4 4^3 4 

Elel«1(iii7 -l)°fl °J3s)s, 4 #3^- §-47)(iii5 -1)°)] *W =8^4 slH«i44. 44, ■§•471(1115 -1)21 % 
tH«114 4EleltH(lll7 -1)21 -tej°! ^a^ aj«.o] ^aj-s]^ ^ cloiE^ul (ni6 -1)<H1 °J344. 
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4444 44 *ieH sl*M 4^4(1118 -1)4 43 4sl£4 4444. 444314(111 -i)ofl^fe 4443)4(1 
110-1-1110 -N).£.4e|S>] N7fl 44 4Jl7|-3.4 4^44 4444. #U 4^(1114 -1)414 W$2\ 44 4i 
7} £4 tM§« 444314(1111 -1)21 4^431 <HI 2]*H4 4Ji7](lll8 -1)2] #ej4 4444. 

°H 44, 444314(1110 -1)4H 444 43.4 444314(1111 -1)414 444 4JL.S.4E1 4443) 
4(1110 -2-1110 -N)4 (N -1)7H2] 44 a)jt7}- §aj^ a]^). £4 o| Aljr^ 43. 444(1115 -2)4) ^34 
4. 444(1115 -2)4144 444(1115 -1)21 7)144144 444 447)-43. 444(1115 -1)5 444 4, 44 
e144(1116 -2)414 c] oj E i e] o s] o] 4J:7](iii8 -2)41 °je!44. 

4£4(1118 -2) 4144 4 ±4 (HOI -2)4144 4^441 3)44 45-4 *gsfl44. 45-4(1118-2)2) 4^4 44 
El44(1116 -2)21 t^j 444 4^ A 344 ^444. 4 4^ A j44 ej iH (1 1 17 -2)4) °J^£llL 4 

434 ^^-^1 (1H5 -2)4| *)14 3>i3.4 3) = »!]44. 43^ -§-21-71(1115 -2)2) 31s|)4 4El44(1117 -2) 

21 434 a-ti 444 4444 ^ 44444(1110 -2)^1 <y^€4. 

4444 44 4*1)4 45171(1118 -2)2] #3 44£7}- 40V44. ^^(hh -2)41 444 454 ( 

1118 -1)5444 <y»)4)4 43171(1118 -2)21 444 4444. o]ofl 44. 440HJ4 (1 1 10 -2)414 444 a)^ 
7> *l|4s]4 444314(1110 -3-1110 -N)2] (N -2)71)21 44 Al£ 7 ). ^4 AlJ^j. Elc)-. 

4 45^r 44 444(1115 -3)»£A) )0 fl <y344. 0)5). 7^0) 33 7j?4&| Q 1 14)4|4 44*^ 4^71 (1118) 

5 454 4 A d 457)- *1|45)4 4*j 444(1114 -(N -1))21 4e)4 2)44.5.5 4443)4 (1 1 1 0 .N)2] 44 a] 
57)- 44 444(1115 -N)414 4444 44E144 (1116 -N), 451/1(1118 -N)°flA-| 4544. 4 ^44 444 
314(1111 -2, 1111 -3(424), mi -N)ofl cflsflA^ ^44 

4 451/1(1118 -1-1118 -N)4)44 451 444 444 444 44*114 4444 n44 45.4 434 444(1 
119)3. 3444 Alel«go| ^ai t\\o]e]3. 4444. °lr 4 4443|4(1 : 10 4 4443)4(1 j j ! .j) 4 

7gS.<HlAiSl ?i^^^f- -§-Sl-7Hl O^^A-l ^Aj^ o|f- 7|^S. SijAi 7J-AJ 7J1#^ AjAl^ 5} 4 <g. 7 \o] Cf. 

44a1, ^si-7lsi ^-4o_^Ai^ t nxn2] ^5. f-sl-l- §-aH] o] ^4f. ^7-15. *flA^ (N .i )X N2l ^ 

£ 374 ^ ^2)1 MIMO ^^<H1 ^4^121 ^-t-i! a 0 ^1 4^, -t^^Alo] -aIoVb^cHI cfl o.^ z| -^a| 7)1444 N^M 

21 -§-$f7|4 1^.47)1 44. £4, ^^4 ^|I|A J||ol^ «^<H|Aj Bj-tflOi AJA]*V ^ AjgJjAj jflol^ 

4 1H44 4 7i|f-44 a1^s| a|4 oj.^] 4£.s. sH4^°fl 2I5B4 4 A S4^ 44 • ^1421 ^4^ 44* 4 
<a47fl ^t€^-4 5i4. 

444, 4aJa)4 4^°ll 5144^ £efl4fe 44421 £44 =3\E, 44 444°5.. °14 44 

£4 4^-Hl cflsflAi 4Jl*i 44421 444 »H4 <H g J4. 44a1, MIMO ^^°I|a1°1 44^*1^ ^ ^4 7^-4 
7f4^ ^H^l 7I-44 44°II4^ 44 7l-4 A j4 4^4, ^^4 H&lsflih ^14^4 4 A J44 MIMO ^^^14^ d|14 
^ 4s a) el 4sjo| ^o_47l nfl4<Hl MIMO ^°fl 44421 444442) 44°1 4^144. 

££4, £ 374 44 42J) MIMO ^"Hl 44 A l2] 444^-40)1x1^ 4^7) ( u 18 _ l)S ] #s)<h) cHs|)4 ^14^' 445. 
(f#«&HA-l5>) 444 ^l^l^Hl 2lsflAi 2))44 44 • 34 444 4 A <34 4344 444-^4 4 A ^ 444 ^M) 
44. 4 ^4, 4 44?HH4 44 ■ 342] 444 44°fl cflsflAi 44 4^ 4^7} o.444. 44 34£7f ^aj 
si 4 44 340114, 4 A d ^H4£H1421 4 A d *1)>14 4444 *««4 44 4^ 444 ^14 «D444. 

444, 447H144 34£4 44 44 ■ 3421 444 4 A <H ^4 444 4^4 cfl 4 A d 44^14 

4434 344 4414 444. 

£4. S3?! 4444 44 44 a>4<hH 44 4444 34°fl^, 44 44 4°fl 444 44 44 

4 4£44 44 44^1 4444 4H?114 42.21 4^4 dt4 4^2) 4cfls. 44425. 44 444 4:^4 4 4 
444 43<HI4 4417)- 4 A 544. 
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4 4714 444 o i oi-s-f-4 °)-§-£i^ ofdm4Jl 4<>h, •y^tt ^4^ 4 

«14 sW3 43 *H)^1 434 ^-4-g- g<g«M iLf-441 S.SLi\^ 4# 43 44. 
4^2) 44 3? 44 



4 4*34 442) #443141- 4^4 44 =^444 0FDM43L4 47l #443|4<>1I4 #444 OFDM 

4£ #4442k 47l N7l)2] #44314°^ ^ai^I Ai^f. ^a!§>^ N7fl2| 444*114* £444 0FDM43: 44 
4*l2k 4?) 442| 4443)421- 47) 442) 4443)4 4°H 4 4Jl44 4<H42| 44t1|44 44.° 3. 

44N42) 34 A^U ? fl^^ D |-cl- 444^ 447)4, A}-7| ^A^H o)^ ^A}.^ Aj- 

71 o^^<H] -S-^sM AJ-7) 0FDM4JS. 444*l3.4*H 44 0FDM4i 44445.21 43:44 43°1I4 47) 4 a) 
3l44 Tj^Tj-ofl 47) #m a^^ ?d44^r 4 A ti 7j^e11- ^444 0FDM4S 44 A )i E ,3o|4. 



£4, 4 4^4 442| N7l) 4443144 -7*14 0FDM43 44443.4 3 N7fl2] 4443144 -T-h] 4 0FDM4JL 
44443. 44 ^442) 0FDM43H- 4444 0FDM43: 34 A l±<a°)) o).§.£]^ 0FDM43. #4443. 

4, 44 0FDM4J1 Aj^A)^Efl 0 | a o v 71 443 £44^44 a o v 7 ) zj-q-o} ^44^4 aJ-o)^ 4 A]^^rt jg^efl oj^ 
^2] 447)14* 34-°3. 44 N4 34 ^^2) <*^4* 4 u 7He)^Dl-c)- 4444 oj^^ 44714, ^7] 4 
44<H| slSflA^ 44^ aj. 7 ) o^Bjofl eTjaJH ^7] OFDM 4 i 444*1.3.4e1 47| 0FDM43 44443.2) 45.4 
4 43°)14 44 4 45:44 33. 44 H4 4 A <S44 444 4444 4^ &<k*W. 44 1 4 A J:47r 

71 4444 $1*1)4 Al-g-s)-^ N f^°) ^-ASSl-fe SF^^^Sl t^7llr ^H]*l-J7 A o V 7 ] 

OFDM-tlJl ^^l^^lfe A o v 7) ^^1 <a^7l, aj- 7 ] ^.aj Aj- 7 ) 3i-<y^Ai j- «j.a| 7 i a^^c sj.q.s. ^-his).^ 0 

FDM^n ^^^-^l^tV. 



S£*. t^^r 4^2] N7fl *<J«a-S»m- -7Hlt!- OFDM^n 3^1^*1 3. -¥-El N7fl2l ^^Efli+t -71)] OFDM^Jl 
-t^^^lS f-«a* ° ^ ^4^2] OFDM^Jlt ^^sfe OFDM-ilJ: ^^Al^Eflofl o|^-s|^ OFDM^lJl ^r^^lS 

^1, ^71 OFDM^lS ^*A|^Eflo) a o V 7 | zj-zj-oj ^Ajoj-Eflu}-^ AJ-21 ^Aloj-tflq. Aj-o]5] 4 Ajjrxjrt ^^^] oio^ 

A 12] Al^Tll^l- ^-S-^-S. N4°l a^hV s^o] oasgig.g. ^w^^c^v}^ ^i}^ <?!>ir7l2l-, A o v 7] ^*S 3 J 

"^^71011 2l3flA^ oiAj.^ a o v 7) oitg^o)} =t7]z%*\ <$7] OFDM^^ £ A i#*)S.-1 ! -El -^7] OFDM-tlJl "^^1^2) ^S. 
?i*2] 4 A ^H A o V 7| A A iS?lt ^g5L^H)A^ Ag 7 ,i. 7y} M A^^. ^t}±r 2$ mzW, A o V 7l < ?i A >7l7 r a 0 v 

71 •a^s^l ^l^H^I N ^ff-2) 4^^^^* u s v - , S A l7l^ 4°^?!^^ u a v ^7li- -7«1*U A 0 ) - 

7] OFDM^JiL ^r^^^l^ A o V 7l «^ 5 d °l^-7l, Aj. 7 | 7j-A^ AJ. 7 ) 51-oJ^a)^ uVa^ 7 ) ajoj^ sl-uff- 7u|ti- o 

fdm a 1Jl ^a]^-^o14. 



^^^1^^1-4711- Slo| MIM0 a)1^o)]a^ Aj^^^Ai^En^. Ajig4c.1L ofdm 4^* °l-§-44. n.A 
n. f-47HI s\% a|t_v ^oflA^o] ^cvsv^oi ^A^o) ofqef, o|l^}cfl, 4^^^^* °l-§-*H4 A 1 « 7He)<H442l 
• 34)* ^^4°i 4 a ?Hel<H44 0FDM^±L>- 4 A J 3 4 ^^-Til^l- #1^44. 

444 *1>i?lleH44 4 A d ?Ht-i- ^47| 3*IH -§-°14il £4 ^^£7)- fe^ 7j)*o| 7)-^-3ii^4. a^-, o| 0 

FDM4S 4*^^^^ 2]s>^, f-47lt 4-8-15- ^^21- 7 i°l SlH^ A)Hf- aJa1*v ^5.4 3liE£3H ^el7 r 

7>444 Kfl^r«Hl <a^4 ^4^ 4«i^ 5114^ 4^ 4<HIH£ 4 A j4 ^4# 4 A j4 ^ 514. 

H^IL, ^^ 3 d 444 3* 4 4s4^ ^S.21 ^-e!4^ 4 A d 7j^e^| diBflA^ OFDM-il Jl ^44^1 U A OFD 

M4i =r444 4ii 4^«H1 «H444 44. 44-4 "fl* #4, 444 % 4 A J ^S#eH- OFDM 4s ^4 

^1 ^ofl Ufl^)4^ otEflS A o V*j t OJ4 
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n^*14, 4471 % S-a <H#&N cflsB^fe 444HS. <>li- ?h144 tfaifi) 4H*1)<H 4S.7)- 
^cfls]<H ±H] ^s. £cti44. 444 3 "91 "3471 ^ 4^ ^H^eil- «>)■§■ 4*H fhflSHr 24 4 i £ 3 l3H 44. 

°H) 444 447] ^ 4*3 # *H£ #S*fc OFDM431 £44*1 «M iMlSRr 2* 434 34, 

°fl» 4<H 0FDM4S £44*H iWItt 4£3 °|£ #4.2. £34^ 7}7]^o\] cfl-a-Al^x^ ^444 s|4 OFDM 

tis. t44*h] tw-b 4 4ihi tfl-g-^i^^ ^44^ 44. neins. 4421 ±^44 33 -ah^ ^ 

4 - -4*v -r 44. 

°14, 344 £<34 #2«M 4 4^21 4434 ^A|oj]S AV A1 |5] A^^ciS. £ C ]. 

(^11 4*hd 

£ 4^2) ^ill ^A]oj|<H| 4^- 0FDM4£ ^^Al^eflo] £ 1<H] £7-144. o) Aj a] oj| ofl a^ ^ 0FDM43: 4£ 

7-1 ^'4 2 °142| N7fl2] 444Efl4«- 7-U]t}jL 4^1444 *4fS]o] ^oj^ o ^ ^^ss, aJ-.§-4^ N7 1)£] OFDM 
4JL £44*14 N7flS) £44314* 431444 3££M €"44 4ti £4£» °l-§-44 N7H2] 0FDM4 

£ £44*13. £^£4. 

£ HI 7|*H€ I^H^ £ A J4 £4<H1 cflsflA^ Aj-xfls-] 4^44. 4 43-HH4 N7l)2] £44314(5 .1-5 . n) <h| m 
£*)H N7H£] OFDM4i £271(1 -i~i -N)7f HH^l^cf. OFDM 427| (1 -0~1 -N)<>lH4 a ^flal^o) 42 ^ 
"^eH £4-§- 8 344. o)s. OFDM^lS <£2:7|(i -i~i -N)°1|^r ^£4 OFDM 3-g-4ol D o ,c >l OFDM -SKEW'S 
7lM5]3.(2)<HH 4444. 

£43->i 4Jl(T, ~T n )tt 4 0FDM 427) (l -i~i _N)<H1 «M 434 4°J3}4Jl {P , , P 2 , -.Pn)* t 

a^J-4 4 0 J i M4Jl « a v^^^-(6 -1-6 -N).°3.-¥-Ei <y^£]fe 445!4:i:(P 1 ~p N )4, 4£4 £4(7 .1-7 -NH 2] 
n 44 A 14^f 4°1H 4£4?!4. «l OFDM ^^71(1 -i~i -N)<H1 

4 < a5!^S(P i )(i = l~N)^ £41^14(5 <rHWM(8 -1-8 -N) ?!^7)|-rl- #^S>7] ^5|)a^ o)^-^ 

4. ^^^AJ^S)- ^^l^il ^1H71- t\^$-s\o] q-4 N7 |lS] OFDM >S2:7|(i -i~i -N)<H| ^It OFDM 

^2:71(1 -l~l -N)^r OFDM D o'-5.S. €5.71- OFDM "32:71(1 -i~i -N)B] 

2.-T°ll OFDM ^-&EW D o ,0 l OFDM ^1-El-«>1 D J ^HS|S.(2)<Hl7.i §^€4. 



OFDM ^271(1 -1-1 -N)2] £i ^ ^4^o)| ^^.5>7l $1*)H N7fl°l ? r 4r ^«-7l(3 -1-3 -NH 

€4. °)# ^r4--r £«-7l(3 -1-3 -N)^l^ ^ t^7l (4)3.*f-z] « a ^Ai^ 7 ). ^^^cf. o)<h) ufef, ^a} 

^Efli4(51 -~5 -NHH ^°J* ^4^2] 0FDM A J^7l- ^^5)71 ofl-.^ ^aJs] 0 FDMtlS2l ^1 A 0 V ^-g^l 1 -!- ^4 
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OFDM^iS -r^^Hl^S £27l (9 -1-9 -N)i^ 4^- u s v 47l (10)5.-?-El ^-f^l 44 u s v ?!^li7l- ^ 
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£^°J-tfl4(5 -OS-^E^ ^Al^ ^^^(Pi)^ ^#314(8 -1~8 -N)<HM =r*]€4. °1 'r^M ^ " 
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*W $UMfe- ^^(r, , r 2 , -, r N )S.*El 4!£(t, , t 2 , -. t N )-& 4€% v €-2-7f 5U4. =r4W£(r, , 
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(11 -1-11 -N)S] #sj<y 4 ^ai 0FDM^Jl5>1 Hfl* ^a ? l]e]o1ol ( r , r . 2 , .... r . N )oj] cflslH (( rjl , r . 2 _ .... r . 
N ) X S;'))2] °HI 44,-^4 • 3 A o v 3 7]§o| e)^ ^ < a5J^s°fl -E 7-1*1 *J4 ■ # A J- ^^Hrr 
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4*l a J, 42)- £4 OFDM-tl^. £#4*I<HH 4 4°J?J^S(Pi , P 2 , -. P N )* a I4 a <MH 
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5£4, 44t42l 343* 434<HI 44 A 1 44 434 443J421 4444 4±£ 44 4344 44 

44 34°!] 4*lH 43 4£# £4 4 4°.£L£ 44 LAN44 PDC (Personal Digital Cellular) $V £4 £43° 
S 42t *H*Hf- 4£<H) 3444. 



£4, 444 e^ < H] A ife - OFDM 444*11- 444 7)7) (£ HHSl 4^4)4)4 OFDM 44444 444 7)7) (£ 
H44 o,a )3 _ £a]sv ^ o-ofl cflgJlA^ ^^nj. £44 #z}2) 7}7}S. 444 fcflfc 444 4 

4. 4. OFDM422] 444°fl 444 44£ 2.4 7)7)o)|A^ £H%2\±£. S\o) olo^ 7 | 7 | ^ ^^o| 7 ) 7 | g 

44 OFDM 4444 ^ OFDM 44 7)7]t -?H)S)-Jl 514. 4^ 4^5] 7)7$*}*] 4, °W ^£14 44°HI4 

£ 4444. 
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(16 -1-16 -N)°H A i«?lM4 IN*. 4 4444 444)4 «ele1«7> ^«fl^l4. 44 4£ ^44 ?4°fl 5U4 A i2l 
afl^sj 44(^4)4] tH*H4 .34 o|^f. ^ ^4 444 47l 3*1)4 S 3*H44. 
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£• 4M33 4Ji7)(i8 -1-18 -N)414 4s. €4. 

4 4 A i°fl4 *m 4 A Hi2) 4*j 413.4 *m 4 A i4i4 ^.ojsv ^ 44. 471 42121 4 a j &±:4i ni 

(*H3 4 A H) 
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*H(l6)°fl A 1 4->i?lM4 44(4444 44) ^ 444e1I4 44(44 44)°ll4 44^114 44s1«.l- <844. 

444«HMir 4i c.14e^b1iH(17)414 444 4eM«4 ^±5. 2:4s)4 tlojE^a?!- ^sflxiji, zl 41 
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4-g-oil, £ 44 *Ja1°W c]|SJM £ 61- A^tg^cj. c 6 oj| E a)s} Hj-fi). £o] o| ^A)dfloflA^ ^a)^ 

314 £44 27HoH 4443)4 £M 44. 
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1 '•) 9 
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4. 
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°] ^44^1 8t7l «fl-S-i^ 44t °l-g-t ^-f <H) h1*IW ^Aiofl^i 214 1 ?! AiiEfl^.^o.5. 2H fl 7^^^ 
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t 5J4. 
(^]5 ^Al^)) 
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*4^°1]a^ #44314(5 -ia)4 *44e1I4(5 -2A)2] ^4* 41- 44, "HI- #4 ^3 €44 ^r 3 J 44^ 4i, 

^44°fl^Tr ^44314 (8 -1A)4 ^44314(8 -2A)4 4471-45. 4€- 44. i-^ 44 ^r^l 444 
4^ £4£ 44. 

°H 44. °fl# 1-4 #44314(5 -1A)4 444314(8 -1A) aH^I ^S.4 #44314(5 -2A)4 444314(8 - 
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44. 4 4aHH4^ £a| ^JiAl^f- ^-Hfl^A-] £a] ^iLAl^^OFDM ^ 2 7l(l -l, l -2H tflsflA^ 
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4. 

4 ^ai^|o))a^ 44 #^4 434rr 44 4^ 43 44(22)<H1 4<H4, 44 #44 4342 *fli ^44(20)4 
4 44 434 34 #^4°fl 31*1)4 44 44°) 4^4 44 44 3ii4i#, 4°4 3^4 444 4£ 3iL4± 
(T,. T 2 )t OFDM 424(1 -1, 1 -2)<1 4444. 



ZLHlJi, 44 444 4347] 34 4££4*r oj^nj. oj^^ ^ efl ^ ^ ^e^^. s. ^ 

44. °l41^-4 4344 ?l«fl^r 3£2] 15.3. *M a)l§-°fl ^a]^oi 5]^ a o v % v-hi 4*«l|Ai ^aj 

444 434 ^^4 4*1 £L4 ^4°fl^ 44 ^lfoi a^^cK d] 344^1 44 4^4 434 34°fl^ «H41 
4°1 A>-§-^cf. o) ^-f «H|^ t £^ a)^ vfl«H|Ai o)]ei7l- 1^* $44 44 4°ll 42 44 444 4 

344. 



44, 444'H]A|£r *1|2 ^44(21)^14, #34 34 cflsflAi -^aI -g-^o| ^o_^ 2 7fl2] a^ u ^b]o] m. 

2 7H147-IM- Sife- 27i|2l A^« ? ))iq^ 43. ^ -Aj jfl^oi a a^. ^44. c>H| uflsiiAi ^ai §1 )o] °- 
^4^.4 4-5.4 42 44^1^ 4£ 4^4 acfls. 4^44. °1 *tli ^471(20)4 ^12 44^1 (21)21 ^Hfe- 4 

4 4^ 43 4*(22)2l ^3 ^2f# 7)^5. s|)a^ eg sfl^lcf. 



°H1 44. 44 1/2-^1 sl^l*. 271121 OFDM 427H) 0)5^ ^.ojsv ^ai ^^.ai^s. £Aj5 r <3, 44 44«H 
aIh] S44 £4*171 ttfl#^l n#447f ££44. 44, 44 4^°1 ^4 34<H|^ £ 62) ajaHs}. Df47>Ai s 33 
4^F 4^- 0FDM4JH- 4e|4 4 4^- 4£ 3iL» 4^14 4 4 2nfl2l aj^ -g-%i=-i;, |£i sfe 44 

4* ^el4 4n 444 4 44. 4 4 44, 44 °A 44 444 44 43°14 44 4*H 444 343£S. *1H 
t 4 4t11 44. 



25]2 443-^3.^ 4°|w1a| E i ufl§.oi| ahs. <y-Efli4t 444 4-2-7)- ^a^j., ^. 4AHH4i^ MIMO *fl^4 ^ A ^4 
71 flaB 4 *efl 444 a A 444^3. 44 44 4=1144 -?h|4il 47| ^-S-°)l f-44 4°l 44 °J-ei|u)-i- -y^^ ^ 
£71- Slcf. 
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©1421 ^1-^16 4*HHH OFDM £<g?*H 4©Htt 4 OFDM #27] 21 44 OFDM 4*EM<8 U A #«: 
712] 444#7)i- ?J o S £4443)4 4 xJ4t1]4# ^5^71 $*|H 3(.<a5J^ 4^44. £4, OFD 

M 444*HI44 444 #4712] 4444714 444 5£i 44 j14 f-2HI#47l2l #^<H| cflOM 47) 

st-^S-ai* 44*1)4 44443143 NXN 2:4°ll c|)*lH 4 4 u?))eH442l sH}$4£fi| 44 #44 #a o v 4 
?i47il4i- 4344. 



44 *H 4«?lleH44 NXN21 ^1(S,)<H1 314 ^1 (S, 1 )•§• 7)|44:n. 114 4eH#47l2) 4?H tflsH 

4 4« ? ]|i!]oK4 444JL(r,, rz _ ... rN)0] ] cflsflAi (( r ,, r 2 , ■■,r N )XS;')2l #4# s§4°54 44 OFDM4 
S21 i#^) 4«?lleH# ( tl , t 2 , -, t N )2| 44 ■ 344 4. J8 ft 4 44. 444, 444t 4444 $4-11 OFDM 4 
Ai2) 2]5H MIMO *f|^«>1H4 4£34 ^71- 4444. 



(*1)7 A ^HI) 

44°1), 4 *J*H121 ^|7 44°W cfl*H>H £ 91 4^44. £ 94 ©I aJ A|o))2l 0FDM43: 44*li E A'2l 

44* £*144 445=44. 

°l -aA|cfl<H|A^ 4*)Jj)4 $$|o) 444^4, OFDM431 4444, 444314. 0FDM4£ 4444 «H8S #44 
^ 44 3!#el4 44 43|4(37), OFDM4J1 444*1 (30) 4314(51), OFDMAji 4444 ( 50) oja> 
71 (57) 3! 3*1 44 2!4eH (32) ofl 31444. ? 



£4, 4*H34 "gSHl Si^Hs] 0FDM43: 444*12] 4434J: 4 A ,5 44, 3Me1 #471, 3«83 447l, 4 

4 *H#ei 444 515.. Jl4 #47|, AJ44°l D d ^7) £A].g. ^4- ££7] 4 444 44 u a v 47l4 4 

4 4°=1^4£ 4 A 37l (34), 3M&I ig^ 7 ] (3D, 447I (41), 4*1 44 (32), 4^2}- 45.(33), H4 

-HI (35), 4°l D o' 4Jl ^^71 (38), 444 #471(36) 4 444#7) (39)<H| 3144H, 0FDM4S 444*12) 444 
444 #471, 444 -^-^^71, S.4f 42H#47], 42:71, 4o|oJ aJJt ^.a S 7| 04AV7) o] oj^^^^ ^ 

47lfe 44 ^4^ #471 (52), 4-¥-t47l (55), H4 - 5 Fe]<Hl#47l (53), 4^71 (54). 4°l D o 1 4Jl t^7l (56), ^ 
*J % #471 (57) ^ *4-7l (58)°fl c))444. 



£ 9<H| £a1e]^ OFDM 4 £ ##^^£1)^. 0FDM451 ^44^1 (30) °A OFDM451 ^44^1 (50)5 7 A 844. ZL^] 
a °1 0FDM45: 44 A 1^^4 °14*fl 44 4°ll ^44 ^-°r1r. OFDM4s 444^1(30)4 7ix|-^ 4^411 
0FDM4S 444^1 (50)4 ©144 4^1 44 44-H1 4^44 44 44^144. 

£ 90II £A| E |i- 44 40) OFDM42 444^1 (30)°l|^ cfl4El #471(31). 44 44 44^1 (32), 444 si5(3 
3), 4°J B J4i 4 A 57|(34), Ji4 °A^^°\\ #471(35). 444 #47|(36). 4Efl4(37). 4°l°o 1 4i 4 A 57|(38). 
444471(39), 44#e1I4(40) 4 4471(41)71- 4«lsl<H 44. 

££4, oio|Ei ^471(31). 444 35(33). 4l! e x45: 4 A i'7l(34), Ji4 y^e)^ #471(35), 444 # 471(36) 
a A #Efl4(37)^ 44N7H(44) 4«|sl4 44. 

44, 0FDM4 5. 4444 (50) «H1 ^ 4314(51), 444 #47| (52). Ji4 4eHI#47l (53), 4^71 (54), 4444 
71(55), 4°l D o'4s 4 A 54(56), #471(57), 4471(58) 4 444314(59) 7> 4ul£l4 44. 

2E4, 4314(51), 444 # 471(52). jl4 42Hl#47l (53) 4 4271(54)4 44 N7ll(44) 4h1£14 44. 
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OFDM4J1 444*1 (30)°fl42) f^li 4(N)2l-0FDM411 444*1 (50) <HH 2| 4(N)fe- 4444. 4. 

^wr? 4471 444 "asm -r(N)s^ 444 4314 4(n)# 444 5°s. t 4:2.4 44. 

cfloiel i£47l(31(l)~31(N))fe 44 44 d441(T , ~T N )» OFDM 4)43. £444. 4 dM^ 447) 

(31)ir 334 4513.3 -y^Sjfe <H)o)e1 44 zj-z}- £2:471 34 £2:7)(ofl?Jt]], BPSK (Binary Phase -Sh 

ift Keying), QPSK (Quadrature Phase -Shift Keying), ASK (Amplitude -Shift Keying) f-21 £2:7|)4 344 
£1 4515 4444 3^ £4714 tfl4«rH $i4. 4, 334 44 efl°4H ^11444 3*°1 »8£ 451 $3-2.3, 
cflolE^ £43(31)343 4344. 

443 (41)^ 0FDM451 444*1 (50)ofl^1 44£)ir 3^334 444314(40)4 4«I14 4443 3*3=84 #1 
444. 

3*1 43 ?H43(32)fe 443 (41H3 #144 3*814 34*H3 43 ^44 34 3*1 334 8 344. -?*fl3° 
£rr 44 eJM3(T, ~T N H cfl*H4 0)33 443 (31 (1) -31 (N)) s\ 43 4fe OFDM 34(M , , M 2 , -, M N ) 4 
42] 3 "71133 (mi mz ... mpj) £ = c, m ^ av 7 , qqg.fr ^fcej.. 

N7flsl 443431 ° s VA |7|(34(i)-34(N))^ 44 4s. 4* 33 434 443451-i 4344. 

444 35(33(l)~33(N))2l 44£ 3*1 4-^ 7jl^£i(32)ollA^ 4§13rr0FDM 344 43335. 4 A -!13 (34(1) 
~34(N)H3 433fe 433451* 3734 4^4 4444 35.4 4344. 

JL4 ^-^eHl £43(35(1)~35(N))3 44^ 4^4 5)5.(33(1) - 33 (N))°l)3 433rr 351 <H| tfl*ll3 H4 3 
43$l £4(IFFT) *)3-t *S44. N7fl4 n4 343<>11 4471 (35(l)~35(N))<>)]£r 43345. 4 A S3 (38)<H|4 
444 34433 ^27V 4^44. 

j,4- r 0^=^0,1 tg47|(35(l)~35(N))2l 440] 4^4^- OFDM351^ 444 £43(36(1)~36(N))<>113 44 4 
445. ^44 £444. N7112] 444 £43(36(l)~36(N))<H)£r -3-4447) (39) 343 444 ^4 444517} 
3-g-44. 

444, ^44 ^471 (36(1) - 36 (N)) 3 #s)4 343 N7H3 <?Hfl4(37(i)~37(N))43Tr 434 ^443 
0FDM4JL7)- ^45.^ 43°fl 4444. 

4Efl4(37(l)~37(N))°)H 444 N7l|S) OFDM4Jl^ £-44°1)3 7f4£)i 0FDM35: 444*1(50) ^3 *\3. 
44 3*H U |)^ )5 ] N7fl o| 0^1,4(5! (1) _ 51(N))oM z)-4 44514. 

4Efl4(5l(l)-5i(N))<HI4 444 0FDM43iTr 44 444 ^471 (52(1) -52 (N)) 4 4«11 A 1 A Ji 4e)°fl ^44 
ala^o^s. 4-& ^442) OFDM-tlJiS. ^44 44€4. 444 £471 (52(1) ~52(N)H-b ^4447) (55)^14 

^r44 1 d47|(52(l)~52(N))«HH 4^5)^ 0FDM4£fe- 44 jL*t ^3°fl , fi47] (53(1) ~53(N))S. ^^SlJl, H 
4^3^1 >?i4(FFT) *)sl4 4^44. Ji4 ^3^1447] (53(1) -53 (N))°)41 t5)£)^0FDM -34 44 4 
^7)(54(1)~54(1))«H1 °J^£l<H a|S 45- 42:44. 

£ 9°fl £a)s)^. 0FDM431 444*1 (50)°il^ 4^ 7,E4B^t ^t}^: ^4^)^ 5tt*1 44. °) 0FDM4J: 3 

4 A li e n°ll A 1fe- OFDM-tls 444*1 (30) ^2) 4*1 4^ ?»43 (32)2) 7)^<H| ^lsH 4^°) 3444. OFDM^ls. 
444*1 (50) <H) 4-S 7jl4e1i- nf^t 45.7]- ^o^jels. 0FDM4S 434*1(50)21 ^^o| 4^45)0) 
^7fl44. 



-^^^ 444(57)^ 114 4eH<344(53(l)~53(N))2| 44 4^£.5.4e1 444 4^4 Jit 4444. 
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H, ^a 7 ll^<H£) ^-@-°f4N7H2l £4^ 4Efl4(37(l)~37(N))4N7flS) 44# 4^14(51 (1) ~51 (N))2) 44 ^ 

t°fl dj-g-44 (NXN)7H 44 4^ ^ ^4 ^_ Sp^AlJr^ o) u) .M.^^ T^u^ ^a)^ 

4^4214 434 4° E !343il- °)-§-*lH ^fl-sftA^ £a}43 0H144 -a)& oj-tuq. xirt^f- 
Efl4 347)14-1 3*4 4 44. 



£4, 3*3^ 44/1(57)4 3*4 347114-1 4n, (NXNpHS) ££3. -?^£14 «8^(A ,)£! 3*81(4') 

4 <344<H 444. 



4^71 (58)4 3*31 "3^71 (57)7f ^4 4 )3 ^« 434314(59)1 4*1H 0FDM4i 444*1 (30) 



IHMjL, °1 4 A | °1] °1] *] 4 OFDM aJ 31 444*1(50) at o4 S ^ <a a}- 7) (57)7)- ^4 3*M( A~')% 3-SL1 0FDM4J: 
444*1 (30)<H) 34471 ^lsflAi 444(58), ^Aloj-Eflu^sg), 444^14(40) 4 447) (41)1 41*1 ^H)*U 
ujel 4«14 4 A j -2.^5. *)4€ ^ ^Jcf. 



41 f- #<4 £44314(59) cflA]^ ov E fl>4(5i)-i °l-g-47i4 ^$143)4 (40) c))aJcH| °EEfl4(37)l °144 4 $J4. 

44 °t 0FDM4-2. 444*1(30) "J OFDM Aj 51 444*1(50)3 qtf. ^ a^sh} 

OFDM aJ 51 444*1 (30)°1H 4 3f<?J5JA]^ «H87l(34(l) ~34 (N))<HH *e|Sl4 <>M 433 443J4314 44 
444 35433(1)- 33 (N))^ 44 Al^ofl 4443l^*3- < 15L4 4e1]4(37(1)~37(N))<>1H 44 £344. 

4 43)4(37(0) G=1~N) 41 Ai 44 43*14 ^oj^aI^s. p j5 _ S a|?Vc|. 4 41^451 (P,)4 £4 e)| 
°1e1S1 4^4 4^4 S]S(33), i4 34eH 347| (35), ^44 Si?!:?) (36)1 fs^HLS 44 uflo) 

El 21- 447W3- OFDM £^44. 

£4, ^4 3^341 347|(35(l)~35(N)Hir 4°) D o , 311 ^ 7 | (38 )^ rEl ai^eLoIpJo] 44 ^£)j7, 

444 £47l(36(l)~36(N)H4 444371 (39)°1H 4f-3 44 43 4447 r 4424. 

°I4] 44, 4314(37(1) ~37(N)Ha) 44 4434 4 OFDM4JLS) 4 A 1 .M.7l)eH3 OFDM ^^.^01^0. o = 

^If-^] Cfl5l)Ai ^Cf. cn*^ 0FDMAJ5.2) «V^4 A]^^. ^5]5JE 7 1- Sj C ]- 

444 OFDMaJJl ^aJ4a| (50)°flAi^ ^3)4 ^IH4 OFDM aJ1-4c.1di xflAj^ 4 0FDMAJ5.44 ^B-i^j o 
S. ^£4 S14. ^1 "HS-^l, OFDMAjs ^aj^| ( 5 0) o|]a1£1 a)^ ^e|o 0 i^ 11)2^.05. ^4 

4 °iEfl4(37(j))°l|Al 44 #A)E)^r 4 < H5jA)S-(P j )l- £^-sRr OFDMAjife OFDMaJs. ^44^1 (50) ^2] 4Efl 
4(51 (1) ~5l (N))<HH 444444. 

°i7)Ai, ^Al&jal^ ^Efl4(370))S J r-El ^5)0} ^aI^ k «l^( k = i~N) 4Efl4(51 (k))°flAi 44£)rr 4^1 4°J 

5J4511- P jk s 444^, 4e114(37 0))4 444 4Efl4(5l(k)) 43 H jk 3. Sa|4^, 44 

-^sea.o) a^ €4 

44^1 10 

Pjk =Pj x H j .k 0 = 1~N, k = l~N) 
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OFDM451 ^44*1 (50H 4°Htt -r4 443J4i(P j . k )tr ^Hr 44?) (52) °H ^44 444 i4 ^3 
•1**71 (53) «HW ^^<H1 4444. °H 44. 44 443J431 (Pj. k )4 4 A i*i?fleH A 3444 4344. 

oi^ig oiAV 7 ] (57) i= A-]u 7 |]elol A^^. 0 |.cf -g-elst ^ 4454£(Pj. k )t H4 * eH444 (53)4 t^HH <ge| 

44 3 SIS 4444. 

ZteliL OFDM^lS ^444 (50) 7\ 43^Jl f>°1W ^ 44545:4 44471 $)*IHfe. 44 5431 4 ^14 lU 
4 4*14, °}4d<4 OFDM-tlJl £44*1(30) *44^ 43L<HH 44443: 4°fl :i44 ^1444 34 =a|«a 

44 -¥-n«« 4° 4 -8-4*141 ^!444. 

£4, if- #4 OFDM4J: 444*1 (30H4 444tt 4 44345: (P 1 , P 2 . -. Pn)4 a 144 4°M 4434 
4£4 44 D 0 , 4 4^4t1) 4iM «H4 4444, 0FDM4J: 444*1 (50H4rr 4 4434J4P , , P 2 , -, P N )4 

°A^% 444(57)4 £44 <?MI4(37(1)--37(N))4 =^34 4314(51 (1) -51 (N))4 44'2:4 , H1 t)144^r (N 
XN) 4| e 44°ll t|N4 oj^^ ^a) apJe^Ajso, ^a) 7ja 34(*4 34^ ol-g-s]^ 7|$ ?Hel<HS| 44 4 
34)4 4« 7flsH44 3444. 

444 A 1«.?UH£1 A 4£44 444 4eC4(37(1)~37(N))4 444 4314(51 (1)~51(N))3 44 2^<i cfl 

44tt (nxn)7H iif 443)451 ^(A^^HCrr 4 4fi. ?HeHs) ^£-§- 44^)4 4*H44. 

£4, 4471(57)tt ^y^flelcHo] ^^. D |4 xj^l^s] «83(A,)2] ^4(/4)4 44*Hl. 01 *\*§ei( A -,') 



444 ^ 44 3 i4S.(P jk ), 4434:?-^) 51 44 44(H Jk )2) i4*H4 4«?)lel4 A <34* 44 Pi:Jk , 445 
41i(p i:J ) 4 44 44(h 1:J . k )^5L 44314, 4?1 44*1 104 »H^WS 44 4434 A ^44. 

=r4-i] 11 

Pi:j.k =Pi:j >^H i;J , k (j = l~N, k = l~N) 

444 ^S(Ai)^ 4 ^rt -t-rt(h i;j . k ) 3- 4*fl44 ^^(AJ-a- 4-S- 443^3. S.*-}^. 

44*1 12 

/feu 



4*31 447)(57)7h^fb ^ S S1(^;')S1 ^4(58) M)4°flH 4£s]4 ^^46)14(59)1- f-«l)4 343.4 

*4«4. 4 ^^ e i(^;')2) ^«-^0FDM45L £*H V 4(30) ZfS) T-44Efl4(40)°]|^ ^r4^JL ^r47l(41) m^l 

A i 4^44. ^7l(4i)7f#is-*v -^^?l(^;')5] ^si7|- ?}a| ? j^ei( 3 2)^] <y^si4. 



34 4 A d ?l#e1(32)fe l(/j,"')2l ^jis. o|^-5))a-1 ^a)5^ cflolElAi^ {Xi Xz ... Tn)0 ]| cH^-Sl-fe Cflo|El 
444(31(1)-31(N))S] t^Als(M,, M 2 . • -.MnJS) a^u?)!^^ aj« (mu m . z ... m . N )o) ] tflgDA^ ((m 
■1 • m l2 , m iN ) x A ]')S\ 3.^ a^ H ? fle]o] ^-^o\] cflsflA^ eg^c]-. 
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ZLUjL, 4 a J «!#2l(32)2) °j4 14°J J0=1 ~N)»?1^HS1 4 ^4°l 44j£H£l 4<Hl 4(370)) "HI ^444 4 
44 SlS.(330))°fl °J3€4. 

4 4^4 33.(33(1) ~33(N))*H 4444 <H)°lEl4£4 44 ±4 £471 (35(1) ~35(N))°lH 

oil >S$£lu! 444 £47|(36(1)~36(N))<HH 4-S 4443 4313- 443°1 4 4<M] 4(37 (1)~ 37 (N)) 

°1H OFDM-MS 444*1 (50)t 4*IM 4444. 

4 4Efl4(37(l)~37(N))°)H 443tt cilo]El>tls2] i^^ ^H^fleH ^« (t t . z ... t . N ).o 44 44*10. 
3. 3*144. 

443 13 

(tm , t, :2 , — , t i:N ) =(m i:1 , m i:2 , ■", m i:N ) X A]' 



444 cflolE-l^S^OFDM^S 4444(50)3 4 4^14(51 (1) ~51 (N))°1H 443*14. 443£r 4£fe- 47] 

*J4 -S-tfOvjk )3 4£r4. 4, 443^r cfloiEiAiisi A-ju ? ii^<h A^-g, ( rrl , r .. 2 , r .. N )S 44 
vfl^ 44 443°1 a^ €4 

443 14 

fri:] . Ti:2 . •". r,:N ) = 4:1 , tl.2 . •". t, :N ) X A, 

47] 443 13, 443 14H ^3*113 44 4433 ^3144. 

443 15 

(«*i:i . r i:2 , ■ •, r, :N ) 

= (t l: | , t i:2 , t 1:N )XA, 

= (m i: i , m 1:2 , — , m i;N ) X A]' XA, 



= (m i: , , m i:2 , m i:N ) 

4. 0FDM4£ 4443 (30)4 444^ dM34£3 34(m n , m i2 , -. m iN )4 0FDM3£ 4443 (50)fe 4 
33Jl (r i:1 . r l:2 , -, r i:N )343 ztcfl^ 3444. 

£4. 24 43°1l , £47l(53(l)~53(N))3 #^<Hl "233^ 434Jl. 4 34(m a . m l2 , -, m iN )4 42:7) (54( 
1)~54(N))3 ^3l^M HIS <gS. ^44^-3.^ OFDM3S 4^4^1(30)4 434rr «eH3 ciHE^Jr ( T , . T 2 , 

-,T N )7l-^4€ 4 44. 

343 43 444° =1, §-<y 444 d)^* 34*113 N?I13 OFDM4JL4 43°fl *i44°1l£ t4*U 0FDM3JL 
4443(50) 43 4-a «44 34 -?3 4£43 BW £ M £33*r *i33l4 44 4*13. 443 H133 
43L4 43*113 444 4 °J4. 

3 33°lH3lr <?!3-4, 4 sis. ft£7} e 4^ ? J!44 34 33 4^ 3143(32)4 0FDM4£ 4343 (30)4<H1 
43471 nfl-g-o)! 0FDM45: 4443(50) 43 4i 3371- 4£4%3 43<H1 sis. fls.?]- ^4^1^ °1^°1 9i4. 
4, OFDM-blJ: 444*1(50)21 T^s] 4444 i«l ^l^a) ^ 7 A°\ -U^eIHS., ^l^cfl, °14 44°fl OFDM^s 4 
44*1 (50)4 4^H4 ^44 4344 °14 443 ^ 3*fl47l- 7}±ttW] ^4. 
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JLUjL, 3#3 44 33 0FDM3JL 3# A ):i t 3-§- ^33^ A 333 734 c|| ^ *} o] o] j£ n\ 
4 &4 34 3321 ±%$1 3 33|2lt ££.#44 #3<H14 4 3 A H4, °113t]l, 3 A H4 23*ll£ 34. 4, 
7]34 aofl -ga^fa. OFDM^51 #33*14 44 33 4°ll 3*144 OFDM35 #33*14 & 3 A H)3 Afl 
■8-SKE, 34 33 4°fl 3*144 OFDM3Jl #33*14 33^ atofl ^^]s>^ 0FDM3Jl #33*14 °1)3i4 3H 
3 A H3 7 A d4 *H4*1M £ £ A 13^r 44 go| 7lx|^ a Aja^e)^ 4i£ 7tf(i 4 H3 #3 ^ 7 

34 ^-g-«H£ €4. 4°i) 44, 33 3#°ll 333 734 334 4°1)3 ufl343 oj§. aofl ufl^^H ?M£ 
£]£4 €4. 



(318 3 a hd 

44°t 4 H:33 418 3 A HH HI*I14 £ 10-1: #2433 3334. £ 104 3 3 A H3 0FDM3S 343^3 

734 £344 44£34. 3 3 A H)xr 317 3 A H)2] *m oj|ol4. £ 1(H|3 £ 9SJ- Cfl-I-Sl-^ ^-°J JfS7|- 

44 3 3 '£3 33 51 4-. 

o) ^a)^o1)a^ 4337 Bjcqo} ^A|oj. E fluf, 0FDM3S #-41**1. #33314, OFDM 35. #33*1, <3 S 33 333 
3 71% 3#el4 33 33(4(37), OFDM35 #33*1 (30), 33)4(51), OFDM35. #33*1 (50), 3*83 33 
7) (42) 3 3*1 33 tB^ei (32) ^1 31434. 



c£*V, 4*137 3SH133 OFDM35 #33*13 433135. t*$7], i\}o)z\ 333, #33, 3*8^ 333, 4 
44 33, H4 43°ti3«-7l, 34433 *V* S7] £A).g. -4- ^^71 5] £A]-§- ^7t33tr Z^Zj- 33335 3 
^84 (34). 3133 333(31), #33(41), 3^ 333(42), 444 3)3(33), i# 34 3°fl 333(35), 43 
335 ^4(38), 44# 343(36) 3 34333 (39) <H| 31443, OFDM35 #33*13 ^a1-§- ^3}^ #&7], 
^r^-S- ^ H ^7), ^eHHa£7), 4i7|, El-c-lDjAl^ «va S7 | ^ #^71^ zvz| -4- ««7l(52). 
^71(55), i^r ^el°fl««:7l(53), 42:71 (54), 4°l D o'33: a a VA S7l(56) °A #37l(60)°fl cfl-§-t!4. 



£ 10<H1 t^lsl^r OFDM3S 3* A li^!^- £ 92] A l±^4 n^WS OFDM3.2. #3**1 (30) ^ OFDM3S =r 
3**1(50)3. ^ A j£l<>l 514. nelaL, ol OFDM3J: 3# A li E ^* °lf-31 f-3 f-<Hl 3&l v ^-f °11^ OFDM3J: * 
333(30)1 7]x|^ son e^H4ii OFDM 3s #333(50)1- 0 l-§-4 ^s] <»if. ^^ofl ^flsRr 33 4^-3514. 

£ 10°fl £33^ 44 33, 0FDM33L #33*1 (30)°flfe cfl3El ^a«:7l (31), 3*1 3 A *1 ^B#3 (32), 4^* SIS. 
(33), 4351351 ^-^71(34), i# ^3°ll^ll7l(35), ^4# 3€-7|(36), 3^14(37), 4433s: #^3 (38), ^ 
3333(39), #33Efl4(40), #33(41) 3 3^3 333 (42)7> ^4£)4 34. 

£3, 1133 333(31), 4#3 $3.(33). 43335 3371(34), n# 3^^^ 3?}7l(35), #4# 333(36) 
3 3^4(37)^ 33N7fl(3#) -7344 34. 

33,0FDM3i #33*1 (50Hte- 3Efl4(5l), #4# 333 (52), n# ^3<H|3«:3 (53), 4^3(54), -^#33 
3(55), 43 D o'3i. 333(56). #33(60) 3 #33^114(59)71 734*1 34. 

S3, 3313(51), #4# 333(52), i# ^3°fl3«-3 (53) 3 323(54)^ 33N7H(3#)7l -7333 34. 

OFDM35 #33*1<H133 73 2-± #(N)4 0FDM35 #33*1 (50)<H133 73 &± #(N)tt -i-344. 4, # 
#43 3^S# 743 3*84^ #34 3^14 #(N)4 #34 3^14 #(N)# -^33 35.3 3 3-2-3 5)4. 
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cflojei >a^7l(31(l)~31(N))fe 44 °J^Slfe cflolEl(T , ~T N )t OFDM ^tS. ^tl-4. A 
(31)tt -y^S.^ HWM <!-§- 44 -ai-S $2:47) 3*1 ^S7lHt #<H, BPSK, QPSK, ASK 

#2:7|)4 ^'#^r $3 >WKr ajigg ^^ 7 )f- $)4. ^, °J3€ HM&H cH-§-4£r A..g.o) 

ft 4Jl cflolEl #£71(31)^ #b)s!4. 

^ A ]7)(41)£r 0FDM A .13: A '4*l (50)°1H #43^ ^4 sf^^ilSS] ^J£t ^14314(40)1- 0FDM4 
S. ^44*1 (50)-Y-Ei =£442 £44 42,-f 4£44. 

■3*81 <347)(42)^ =r^7)(41)7)-^44-r4 445!4J£2) e^lH *H£?)|£1 ^4il£ *H (N 

xn)7A2| ^.±3. -7^si^ ^^(a,)si «=hbsu"')* 44*iw -744. 



#*) 4 A ^ m*](32)$r 4471(42)71- 7*1 °1-§-*lW 4 A ^ 34 3*1 ^el* ^44. 7*fl*i 

°-3.rr£4 cflo|El(T, ~T N )«H1 «H|o|e) ^«-7l(31(l)-31(N))7l- t^^fe-OFDM ^1-(M ,,M 2) -,M N ) 

o) z}z| ^ u?))el^ ^4(m, , m 2 . -, m N )2] a-^o,] d|S|)A^ av 7 ) o^?|-g- ^*Vcf. 

N7HS] 4^451 t^7)(34(l)~34(N))fe AA *13- 44 0)0] <m-^^1 3 foj 3,}45ll- *3]44. 

4^4 S]5L(33(l)~33(N))2j 444 3*1 4^ *H#:H(32)°H #^£1^ OFDM £'44 4ll B i4£ *MM (34(1) 
~34(N))°)H *^£l4 4 0 J?!^S» 44^ 4°lH 4^44 43:1- #344. 

24 e?*eW 447] (35(1)~35(N))*] 444 4^4 3 5.(33(1) ~33(N)H4 ^3^- ^lSL<H| t))slH 24 "3 
^eH >34(IFFT) ^B]f- ^Alt}-4. N7))°l JI4 ^eHI 447| (35 (1) -35 (N)) 'HI ^ 4o| D o'4:E 4 a S7| (38)^)^1 

jl^ 9^eH 447) (35(1) ~35(N))2| 44°1 #344 0FDM4J:Tr ^44 4471 (36(1) ~36(N))°1H 44 4 
443. 444 4444. N/HB| =£44 4471 (36(1) ~ 36 (N))°)l-hr ^44471 (39)°fl a) sj§-£ -^tf- ^^5.7} % 
i^44. 

n*aH. -^4-^ 447l(36(l)~36(N))2) #34 *<4€ N7|)2l 4e)I4(37(1)~37(N))3.4e-)4 4114 44 £44 
2]-0FDM<i!S7l- 34-£ A i ^-Ajo|| ^aj^4 

4^14(37(1)- 37 (N))<HH N7flSl OFDM^JLfe- ^^r A 0 Hl^ 7^5]^ OFDM-tlJl ^^^^1(50) ^S] a^ 

4* ^^l°fl «H^m N7D2] 9VEfl4(51(l)~51(N))°fl^ 44 ^t4^4. 

°J-Efl4(51(l)~51(N))<H]^ ^r-tl^l OFDM^lSl^ *lS ^€-7] (52(1) ~52(N))f- -tli ^U"* 

^4^<?J OFDM-a^<Hl ^4^r "S«:^4. f4r ^*7| (52(1) -52(N))«H)^ ^U^l (55)<H|^ ^f- 
€ "^r ^4^!i4 ^-^^4. 

^4^r ^«-7l(52(l)-52(N))^)4 *^£]^OFDM^lSfe 44 JL^- i£$°l)&®7\ (53(1) ~53(N))^) ^^t)^ Jl 
^f-^e)o)| >^^(FFT) *1e]7|- -ts5S4. -^elHI^t^l (SSdJ-SSfN))^)^ ♦^sl^OFDM <S«-2| 44 
4S7|(54(1)~54(N))<H] -ys)£l<H a]E o^o|| 4^^)^. 

£ 1021 OFDM^Jl ^^^l^^-Hl^fe- OFDM^IJl ^^4^1(30) ^S] ^A] ^aj ^B^e-)(3 2 )S1 7|^<H] SlsflAi ^a^oI 
^•^^14. OFDM^JJl ^^4^1(50)^1 4 A d ^J^elf- t&°7\ <&7\ uflS-o)| OFDM 51 ^<d4*l (50)2) 

44iS}-sH i«l 2} *l| £4. 



£^71(60)^ Jl^ f-e]o|]^^7l(53(l)~53(N)) 442) ^-H® 4°J^ A l3lt ^#^4. nelii 
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TfleWSl A 2£vW N7flS) £a]^ °J-Ell4(37(l)~37(N))2l-N7)12l ^a]«=> ^14(51 (1) ~51 (N))2| 44 cfl 

-g-sHr (Nxn)71 sHJ34!i:2l -t^l 4^- ^ 3t^4. «r. 4°a?J^life °M H-e|4 3°1<>M 4°=??! 
3tt ^ si4. 



H^r -^e1 0 fl^«-7|(53)2] #^±S.-¥-El 4 < ^ A J£2) ^Ji^ t»?He]ol442l (NXN)2] 4^ ^ ?142l 

£471(60) t-flJMM <£^£H £44Efl4(59)-i f-sflA^ x}33}-s^ OFDM4Jl £44*l(30)°fl ^^1^14. 

ZtelH °1 ^e)HHir OFDM45L ^44*1(50) «HH 3#4 ^4 4°J3J4Jl21 ^Jif- OFDM4J1 =^44*1 (30H 
$*£i}7] ^a]71 (58), #44314(59), #^4314(40) ^ #4/1(41)* ^v]t}JL 4*14, °lel ?«1 

£)<H $14 SL±3. *|?MzJ #£ $14. 

-if- #4 #^14^14(59) cflAiofl tfe|4(51)# ol^.5>7H4 #^43)4(40) cflAi^l 4314(37)1- o]^v - £ oj cK 

O] ^Al^^A^ £9 <H] £A]£l^ oj^e^ 01^71(57)0] 7 |^..j. o) ^ 5 j oj Aj. 7 | (42 ) ^.A] OFDM 'tis. #44*1(30) 2£ 

■HI °lf- A )?l £ 921 37fl 45.4. ol5>, £ 1021 OFDM^S #44*1 (30) "A OFDM^iL #^14*1 (50) 

21 #.2. ^-42] -g-avofl c ,)5||Aj a.ci AVAfls^l 41^44. 

£ 921 OFDM'ilJL 3#*|±^4 E 10 °j OFDMAli #^4*1 (30)fe- OFDM HHel4i: ^ o]v] 

# 4 4314(37(1)~37(N)H*1 #451-11, 0FDM431 #44*1(50)4 H|o|e14£ ^ 4<U^4.5:» 

0FDM-tli5.7l 4e1I4(51(1)~51(N))°)H #444. 
« 

£4, 0FDM4JL #44*)(30)*IM4 *UJ 33 7jJ^ei(32)oflAi cfle>lEl4iL 0 FDM ^14°) 4 a^u 7)]eH Aj«. (m 
,. m 2 , -. m N H 3*3 M')* #44:* 4 4314(37(1)- 37 (N))°1H #4€ Ei /Osf- ^a) 

44. 



43)4(51 (1) -51 (N)) 0 !)*! #4s}tt 4i<H|4 £A14§HW °I D 1 ^ S 3 3 J( ^;')°1 #4sl<H °A±E.S., 0FDM4£ #4 
^1(50)^1^^ oj.EflM-(51(l)-51(N))S. ^3.°)}^ $}<>}z)m.(m , . m 2 , m N )# a) =g -g- &1 *H -^i ^ 



IielH OFDMAJJI i r A J4^1(50)<Hl7l^ ^a|*v z|z]-o) ^s. a^ -g-e)s))A-l ^o.7V OF 

DM-tl± ^A]x o V^| (30) ^oflA^ Z| 4^^^^^^ p 2 ... p n) S. a)? J.^ AVo||Ai ^15. ?|cs E|o|Dl^- o]^ 

4711 H-el 81H *#% v °iL«) -§-0(5}^ « si*! - oi cK 

A o v /l2l- ^°1 £ 1021 OFDM^JJ: ^^T-l^EfloflA^ OFDM^JS ^^4^1(50) ^^1^ OFDM^s £+1%*) (30)^1 cfl 
jflAi -tA] 4<a5jAi^oj a^s. ^cv^ji oFDM-ys *ai#*1(30) ^<HI^^ «>ol-i-9j ^oj^aj^o) ^(^a) 

^ % ?l^)°fl ^5flA^ -75fe ^ofl S-^lo] Oj^ 



°|£l- Q°\ £ 1021 OFDM-tlJl ^T-l^EfloflA-l^ -<} A d ®<kz) s l 4M4 ^^ B J ^^7121 7|^-£ OFDMAJS ^aj^I 

^5.7f ^cf. nfeH OFDMAJS ^a)^|(50) ao] a]^ ^e)?}- 44iS)-^4 %-*]°\) OFDM-ils -^^1^-^21 s\5_ tfR. 
1 cl-% ^ o}4. 5=. OFDM'S ^-tl^| (50) oi zjLAj ^-eisl.Ll -a-hI ^^2) ^7 D i-o| -i]^£|7| nfl-S-o)), ofl^cfl. 

4 D a H| OFDM's ^a]^|( 50 )s. ^. 7 n*v ^ o.s Aj-A^gj.^ o)^. ^.^o| ^ ^^s^J. 7l-^sil^l4. 
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£4, *1|7 44°H4 4^4 44 44, 4 44°H14.£ 44 44 4°fl 444-Sr 0FDM431 44444 444 at 
°fl 4444 0FDM451 44443-4. °fl431. £ HI £434 43 44 44401)4 3^f 44 ^ 44 444 
44 4^4 *fl4s||£ $-4. °HI 44, 3*311 914 5i 4 A J «*4I 434 4 A j4 444 4414 «II AlaH 44 44 
a<H] a|)444 44£ £MI 44. 

(^19 -a ah) 

444), 4 4*33 41 9 4441 41 3)31)4 £ ii^- t2«l^^1 4^44. £ 114 4 444)3 0FDM431 444± E 53 

4 A o-§- Wfe 44£44. 4 €4414 418 44413 4^ 4H4. £ £ io4 31444 iLife 4°J 4£ 
f- uflTH 41434 44. 

4 44414)44 44=^4 "333 444314, OFDM^s: 4444, 444314, OFDM-ili 4444, 3*34 444 
4 4 A ^ €434 443 °I3I4(37). OFDM-aS. 4444 (30), 4314(51), 0FDM4£ 4444 (50). 4 
471(42) 4 44 44 €43(32)41 3)444. 



£4, 44^4 •a^H^Sl 0FDM43: 44443 4°J3i4:2. 4 A <§4, 4341444, 444 ^3(4 ig^l, 

444 444 444, JL^ 434)444, 42:71, ^4444 ^ 444 ^£ ^<H44 44 % ^ 7 ] (81) 
24 3434) £,44(82), 444 444(83, 52), 24 (53), 427)' (54). 4 4 4 4 4 (55) H 

±34(86)4) cflfsM, OFDMAji 4444 t-l|o|El 444, 444 ^^71, jl4- t 4341444, 4434:2. 

4 A 34, «<g^ 444, 24 3434) 444, 444 444 444, 44444 ^ 444 44 ±344 44 014 
El 444(31), 444 444(71), 24 434)444(72). 4434J1 444(73). °A*8 S A 444 (42), 2-4 3^ 
341 444(35), 444(36) 4 4*1 ±34(75)41 cfl-§-tl4. 



£ 1H| £434 OFDM 4 51 £^±^4 £ 1Q o] 4^14 447W3. 0FDM4S 4444(30) U A 0FDM4J: 
444(50)3. 4434 $14. 4 0FDM4^ 4#4i 6 i!# *4 4°1l ^^-t ^-f<H|fe, 0FDM4^i * 
444(30)4 444 ^Hl 4^4^ OFDM4s 4444(50)4 444 43 44 44°fi 4^4^ 54 44344. 

£4, £ 113 0FDM4s ?144^ 6 AH|Ai4 443 0FDM43: 4444(30) 4 0FDM4J: 4444(50)7]- 444 

44<HI4 444 4 El! 44 4444 44 ££4 44 ££» 44*^1 344 44444 TDD( Time Division Du 

P iex)t 4^13 4 4i E ^4 4^4^ 44. 214, £ 113 0FDM4s ?144^- E AH144 445J4JL* 4^44 44 
4 OFDM4S 4444(50) 4«H1 4434 44. 

£ 1HI £44 43 44, 0FDM4H 4444 (50)4^r 4Efl4(5l), 444 ^44 (52), 24 43^^471(53), 
424(54). -^4444(55) 44 D J45: 4^4(56), 44^45: 444(81), n4 3-^341 444(82), 444 4 
44(83). -y4 44 D o' 4 A 54(84), 4« ^144(85) U A "^4 ±^4(86)7} 7-nl5l<H 44. 

£4. 4314(51), 444 444(52), n4 43<H1444 (53), 424(54). 4434JL 4 A S7|(81). n4 343°fl 
444(82), 444 444(83) 3) 44^34(86)^ 44 N?B(44)7l 4434 44. 

44. £ 113 0FDM4Jl 4444(30)^^ cfl43 444(31), 44 4 A *1 ^H43(32), 24 343<H| 444(35), 
444 444(36), 4Efl4(37). 44 D d4JL 4^4(38), 44444 (39). 444 444 (71). 24 43^1444 ( 
72). 44 D o , 4J: 4 A S4(73), 44 ^144(74) 4 44 ±34(75)71 -7434 44. 

314, 0143 444(31), 24 34341 444(35), 444 444(36), 4314(37), 444 444(71), 24 4 
3 °11 444 (72) 4 44 ±34(75)^ 44N?ll(44) -7434 44. 

OFDM42 4444 (30) 41 42] &± 4(N)30FDM43L 4444(50)4143 4 A <3 &± 4(N)4 4444. 
4, 444rr 3^^4 444 3«I144 444 4314 4(N)4 444 4314 4(N)t 444 5 £5. 4 ^2.7} 44. 
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0FDM4£ =r44*l(50)o11*l2l =^4=r 447|(52), H4 -feH'S^l (53), 42:7) (54), ^4447| (55) % 4°1 
«8il£ t A 57l(56)°fl cflsflA^ £ ios| cfl-§-SRr &£2> 4£ 7|^-§- ^«4H3. 4>3-§- ^444. 

N7flSl 4^43: ^^7l(81(l)~81(N))fe- 44 ^3. 44 °I D 1 434 4 0 d5!45:-i 4344. i4 2^eH) 44 
7l(82(l)~82(N))Tr AA 4434:2. 4 A 37l (81 (1) -81 (N))*)H t^xr 4°J3!4:iL °11 cfl«fl^1 £4*1 
Blf- ^144. 2 ^ £47l(82(l)~82(N)H^ A J4 4°l D o> 4^71(84)^41 £44 ^44o| D o'2] 45l4- 

*<H44. 

^«:7l(83(l)-83(N))fe- 24 447) (82(1) ~82(N))<H41 0FDM4£Sa1 4434JH- 

-3^3. -4- 4444. -^44 447l(83(l)~83(N)H^r ^44471 (55)°M £44 44 44^i£4 
«H44. 

444 444 447l(83(l)~83(N))2l 4§H 444fe N 7))f-2l 443451^ 44 43 4447^ slcf. ^3f4 
<£47l(83(l)~83(N))°lH f^I|irN Tfl-f-Stj 4H343:7r OFDM^Jl 444*1 (50)4 3_E.°A afl^] zfz}- * 
4 ^£41 (86(1) ~ 86 (N)) 4 431*1 4314(51(1) ~51(N))£4iM 4444. 

^)<H^-(85)^r OFDM^Jl 4^14*1 (30)21- OFDM^Jl. 444*1 (50) 42] *3 4Efl# ^^jL OFDM^S 4 
^]^l(50)7f 44 J?H iE^r 44 44-H N7flS) 44 :±:Sl*l(86(l)~86(N))2) 4314 ^^aI^Jc]-, 

OFDM^IJl 4^4*1(30)°14121 4471(31), #*1 4^ ?!#e1(32), IL4 2^eH 4471(35), 444 44 

7) (36), 4°l D o'4Jl t^7l(38) 3l ^44471 (39) <H1 cflsH^^r £ 102] tfl-g-eHr ili4 44 7l£-§- 4^4^-S- °] 
t A <!)444. 

4314(37(1)- 37 (N))°lH 4^4 ^Jl^t OFDM^Jl 4<d4*l (30)71- ^a] ^coj ^3&^)*1 (75(1) ~75( 
N))4 4*141 444 447) (71(1) ~71(N)H °J3€4. 

^4 *1)<H4(74)^ 0FDM4Ji 4444 (30)2)- OFDM451 444*1 (50) 421 44 43)4 ^t^H, OFDM43: 4 
^144(30)71- ^a) acq: ^ai □H4 < H) 44*1 N7H2] IS- ^3*1(75(1)~75(N))2| ^Eflf- ^«-a)^IcK 

t4t •fi*7](71(l)~71(N))^ 443 43|4(37(1)~37(N))°1H 444 4£(4 < y?!4£)* 4JL *leH 34 
4 h^o^ ^ ^443- 444 44^4. 444 , fi*7l(71(l)~71(N))<H|^ 444471 (39)°1H £44 

i^r - 3 FeH£l!-7)(72(l)~72(N))^ -1t4t ^«-7l (71 (1) ~71 (N))5.-*?-e1 ^^£]fe- OFDM^l^S.^ 4°J5J 
^iS^l IL^f^el 0 !! •a©* 1=H>&4. 44^, i^r J Fe1°fl'Sfi7l(72(l)~72(N))2l #sj<Hlfe- AA 0 J:Efl4(37(l) -3 
7(N))i^1 --r-y^! 4°J?J^s:7V^u?flel<H2] ^-g-44 -g-^s)<H 44<d4. 

H4f ^e) C H|^?i7l(72(l)~72(N))oflir 4 4°J^<JJl» ^1^47) ^^1)^ 4°1 d oHJJl tt<«7| (73)^^1 

4 c ') D o , 2) ^S7V -f ^€4. 

<?147|(42)^ Jl^ ¥-e)°fl 1 S«:7l(72(l)~72(N)) 0 1]^ t^ltr ^l^^l ^7^^^ 4 4 0 d5J'il^2l ^ 

^1 ^1^ D ^ ?I4* ^«^i)el<H >a-S-44 ?3*42 ^4^1 ^sDa^ <*^?i^ -744. 

4-S-'H|, £ 112) OFDM^S ^44^1(30) 31 0FDM4i -r44^)(50)2) ^2. -fg-2) f-^oj cflsflA^ aj. a1 |5| a^^ 
4. 

OFDM^li *44^)(30)<H)^^ =r4« 4^5145: <H] e7-l5|)Ai qJf ?j ^aj. 7 | ( 42)7l- A-^u. ? i)elcH2l ^47)1^21 «S 
a i^)s] ^ S 4U:')^ 4444. n^Ji ?!^1 4^ mz](32)tr tflo|El >S47l(3i(i)~3i(N))5.4El -t^sl^ 

cflo|El a) ± o, ^ AiHyfls]^ Aj« (m) m2 mN)oi ] c)l5j)A-| 447l(42)°141 oJSjSl^r °1^^( / 4;')* 

44. 
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34 4 / tl ? vH#el(32)<HH 4.£4 H4 447) (35(1)~35(N))°1H e?*sH 44*H OFDM4 

#344. °1* OFDM4£4 ^44 4«-7l (36(1)~36(N))°IH 4^ ^443. ^44 443°! 
(75(1)~75(N))» f-slH 4e1I4(37(1)~37(N))°1H #4€4. 

4*114(37(1)- 37 (N))<HH 44£4£ 4£fe- 444°1I4 7}*}s)°) 4314(51 (1) — 51 (N))2l 44£4. 

3^*14 , «HM44J4 mi , m2 , -, m N )^ *) e] 3*1 ?J!#e1 (32)°1H ^ *S a A ( 4' )°) 44*U 44 

£9, £1021 A|^uflo) ^o.^ n|-^7H£ 4^14(51(1) -51 (N))°l)44 Hl°|E|Ai£( m ,,m2,-,m N )7>*BJS|«H 

4444. 



44^, 4^-& 4£47l ^ltt 7)44 OFDM42. 444*) (50) 4<Hl 4€t €-2.4 &4. 4, 0FDM4Ji. £444 (3 

0)<Hl 4^1 443343:21 3 5L» 344 4*3 °l £ 10S) Al^Efli4 434 

OFDM42. 444*1 (50) <HH ^ £^1 EE 4°11 4<^a]:£ (p, , p 2> p N )l- z\ <?Hfl4(51 (i) ~ 5i (N))<HH 44 
$4. ol-j 4<a^Ali(p, , p 2 , p N )^ OFDM^lJl *44*l(30)°ll 4<>H 4e114(37(1)~37(N))<>1W ^Alsjn 
0FDM43: 4^£H 4 ^u^e^s] 4e-]£H <2js^ 447l(42)°ll °Jsj€4. 

oi^e^ ^^71(42)^ 444 3PJ ^43: °1)4 ^tL ? fle]<HSl Aj-g.44 <?H|4(5i(i)~5i(N))4 <y-Efluf(37(l)~37( 
N))2l z)- xl^^^f. ^« 0.5. 5^ q§3(A,)S| °A*S s i(A;')-^ 44*1H 71^4. 



3*1 £3 7>H*e1(32)b cflo)E-l >S44(31(1)~31(N))*1H #334 OHe^ Jrofl -**g?t( ^.g. ^Aj.3.4 o| 2 
471- H.4 2^eH| 4471 (35(1) ~35(N)) ^ ^44 447| (36 (1) ~36(N))» 4tll4(37(l)~37(N))5. 
4e1 4444. 



OFDM4JL 444*1 (50) <HH if z| °H|4(51 (1)~51 (N))<i $H4, d|4EiAl.5:°fl ^^4(37(1) ~37(N)H4 "ft 

314(51(1) -51 (N))3. 4Jl# *44 342] 34 44 fl^l -¥-7fsl<H 44s]34. #44 44*M 4f-4 44 
- t^7)* Af-g^H 5JO_fL5. 471 3^ ^121 34t1|44 a 0 v#^ s Sl(A i )4 *°J47l| £4. 

444 0FDM45: 444*1 (50)~2l 4 4Efl4(51(l)~51(N))°M^ 4 tHl°lE^Ali(m „ , m j2 , m jN )7\ £el£] 
°\ 44€4. °1 i4 ^eH'SS^l (53(1)~53(N))2) t^<HI 4e1-4^ cfl°lElAi±(M , M i2 , -. M iN )» 

4S71 (54(1)-54(N))<H]4 42:% Vt lS.4 OFDM^Jl ^4^^1(30)71- c11°1e1a1Ji(T , , T 2 , -, T N )7\ -?«11 

^14. 

ol 'eJAHHH^ OFDM^lJl ^44^1(50) ^°11 4^^451 -£^7) (81)-I 4S5J71 «flS-<H| OFDM4i ^4*1(30) 
^<Hl^r 4°J^4iSl 7)^.^. D |.^*v 3) o. 7 l oj^o n^, OFDM^JJ: #44^1 (30)°H£r £ 10S) 4^4 5)5.(33)» 
4^4 4-S-7f gicf. ££f!:, 4e114(37(1)~37(N)) ^ 4^14(51 (l)~5l (N))f- *44 44^^ ^-g-sfHS £ 10 
o| -^Alov^uf (40) °A ^44Efl4(59)^ €-2.71- ^71) ?lcf. 

£4, £1151 0FDM4JL 4s?i*Al ; f : 6fl<H|^^ <^^121 ^ 7 )-, n] ?iH ^ 7) ^^ OFDM^ls (50) 
4°fl 4*114 4&7)- °icf. t44 A 1, OFDM aJ si 444*1 (50) ^£l 4s ^al7)- t]-4i4€4. 4. 0FDM45L 4444 ( 
50)21 ^ 4444 ^ H l ^i^j 21 34°) 4^^171 oHf-^], s.^ o]^. cj-e}-^ 0 FDM4i ^44*1 (50)t 4*H4 
4 X J44 °1* 4421 °A ^144 7^511^14. 

£4, 4 4aMH4^ -S-44 4E1144 #44 44^14 444££ 44 e i4i2l ^j±u|- <^^^s] ^a.f- 3#47l 
414 4tll4t ^7ft €-2.7f £4, ^17 4 A H14 *fl8 4 A H14 447^13. 0FDM4i 444*12) si 
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^18 *M°0°IH ^^tt 421- 4<4 4 ^HHHS o|* 4t 4°fl 1i*l*r4 0FDM4JL 444*1 2f 71^1^ ^H] g*| 
44 0FDM45: 444*15.4 °i)43), £ H) u\$>\ yio] -t44°)H <*^ej r| tJ-aJ g£g ^5].^ ^ 

4 '11 4*11 £ S4. 

Zl Si JL, 4 4 A l°fl^ *J-t|jo3 o)-g-§.Al A^EA™ Ol-Lje} SOJE <= -gEliOlEO] -j, 3 oJ| ^ A. A) ^ Efl Jl). £o| OFD 

M 4^4 °l-8-*lW 442) 444 4*144 'H4°l| ^s)-^ Jf*} AliEflc!) Sj-cJI ^ o^cf. 

41)10 4 A H) 



OFDM 4±M) 2)3141 MIMO *fl^<HW 44^4 *S*Hr OFDM MIM02| 4444*HlAlir, <Hi: 4443I47} 44 

4 4Jl4 4^7) 4 2) 43l4°lW ^AI^C].. Z]- ^AlOLEfluH Ojo^ ^AjA)^ OS £a) Ajjr AJ^.^. 

2 444314^4^21 4£ ^4<H| tflsflA^ zl o|Aj-o| ^AloJ-EflufS] a)^ Aj_g.^ □ <= ^aj ^£0.3^ 7 j 

44 44. 44^ 444 4 4*HH41^r 444^4 4^! *<}444 4&1471 Kfl§-ofl 2j2|2l 44443143 ^| 
S<H| 314 *i444* "7^4 Jl 5i4. - 



£.4, 444 4 4*H2j OFDM MIMO 4444*H 5a«>H4 44431444 #4442) 4*j4 *S4:H 514. 4, 

4 43144 4°J5i43Lt 444:n 4°H N -171121 43l4tr 4U354J:* 444*1 44°.3*1 4^554^1- 
444 <Hir. t!- 43144 S.^- 444314 421 ^ttrt 2.4 >H ^HeWI cflaiM ^sj-ji, o| ^aj-g. ns) 444il 

<^)4 444 4 4 A HH 5iH4, #4442] 43 44 A l?)rr °J4 4*i*°.£. *M 4°J5!^5:<H| £434 

#34 47W?)4 24 H34713. 44. 444 4 *l*H4Mfe- ^ 4 43|44°1 4^43* 1- 444:a 4 
44 4°W N -1711 SI 43144 4"y^4JH- 4#4# 4?1 nl)4<4 4<H 4^534^21 ^4 K«H3. 4^1 
3sMtt 44 2^42) 4tJ°l jls|44. 

1. £^44 4 0 J5!4s:2l -^-f k«H5. 44 

4 431444 4^^!^^ 444^ 4 < a$}4^4 4 4314^1^1 444 0 i 444°.5L*1 44 ?1^4 44^144. <^1 
4^4 °144'J!. 4°J^4^2i ^ai K a|)s. s)-7i ^|aflA^ N7fl3l 43I4°141 4 < a5J4^4 444^)1 

S4. °1 ^4, 4^^^15121 -94 7jo]7> K«H4-sl^ 4^ -ili 4^412] 3]oi E i A.a.01 wl-i^l 7,1-^5]^ ^47} 
^4€4. 

2. 4°J5! A J3:4«- 44^1 4 ^421 k«H21 ^4 im^si 4^144 

6 1 34. 4 A J434HI ^4^1^ 44^1 4^43)4^1 x ^4£l^ 447l2| 4°H^ 3l°Jx|7l- 444 
4 ^!^HH|a1 4^4 34<H1 K«fl 45.4t11 €4. 

471 04= 444 °14°1 Ai5]-£i74t- o[^2 S15.S| ji7l^47i- jg cis^i ^icf. o)^) cflsDA^ a. aj a| a-) -i=. 
44<H| -M>S44 44 4°1 4 A J 4 0 d^^l5:S| aj^. - a ^aj h^^jaj^^ a.vHji a]^ ^7H7l^l Si, 
4°J5J4^2l 44 3321 47H- ^J«4 4 5i4. 
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4 4^3 all 10 44H14 £ 12H) £444. 4 iMHH 444 0FDM451 344± 6 J4, 0FDM4.2 4444(10 
3) SI- 0FDM42. 4444 (104)3. 4444. 0FDM4S 4444(103)4, Pfls) 44 4 a.?He)<H 443! flt 
71(103 -1 -1-103 -1 -I), 44 spJ^-ilSl 447|(103 -2), 44 d|<>lEi(T ,,T 2 , -,T M )t 44 OFDM 4*(M 
,, M 2 . -, M N )5 444?l4N7l|2l cflo| E ^ 4471(103 -3 -1-103 -3 -N), 44 44 s 44£ 447|(103 -2)5. 4 
El t^Slfe 44343:4 *IM3 44712) 434 44444 N7fl2) t+^SJ- s)5(103 -4 -1-103 -4 -N), 4*11 4 
^4 315.21 43H] 3434N7H2] I<4 447) (103 -5 -1-103 -5 -N), 4*11 JL4 ^4eH S.4H] 44 

€ OFDM 444°l n o , -§- 4^4^ 444 0 1 D J oVa^I (103 . 6) ^ ^ o*-f a)o|| **Q7}2.\ #^-§- -?4 4445 4 
44*r N7HS1 444 444 4471 (103 -7 -1-103 -7 -N), 4*11 444 447| 5L4HI 444 44 444 

i# 4444 444 4 J f'£44 (103 -8), 2 4421 4t N7fl2| 444314(103 -9 -1-103 -9 -N)5 44€4. 

^ B]J1, 4 °iEW°W 4444 tHl°l4^1i(Ti.T 2 . -. T N )H|4- 444H14 4714 #1*1-71 $«||/4 3)o*v nejog-g. 
°}o] v}s] ^7}S\o\ 4fe- %±3. a!Sl€4. 4€, OFDM-ili 444*1 (104)4 N7t) 2) 444*114(104 -10 -1 ~ 104 

-io -n), 4*u 444*11444 s^su 44 ^4^21 444s* 4i£Hi 344 ^445 444 4444 ^21 

444 t4t 447) (104 -11 -1-104 -11 -N), 4*11 444^44 44712] 5L4H1 ^44 ^4 4443L* 44 

44 444 ^4444(104 -12), <3-«H 444 f4r 447l5-fEl2] #^-§- n^elofl 444^- N7t)2) ji4 ^e) 

°1| 4471(104 -13 -1-104 -13 -N), 4*11 H4 4 &1 HI 4471 4 E) 2] 434i 4, 47) OFDM^lS 44443 44 
4*114(103 -9 -1-103 -9 -2, 109 -N)7f f-^44 N44421 44343:2] 4443(44, " 44 44343." 
4H 4)* $14 44 D o 1 43.f- 4447|4 44 D o'43. t^7|(104 -14), 4*11 JL4 45H447) (104 -13 

-1-104 -13 -N)54El t^Slvr N7HS1 4*11471- N4-&4 #344 44 4 < a343:» i(i = l ~N)4*»2l ^^z] 
444 OFDM 'tis. 444*14 444*114 N7fl4 OFDM43 444421 444*114 N7HS1 44 2:4H1 *H444 N 
*3 N42] 44 4w.7flel^ 4"a§! -7^4^ 7^ *l«?|el«H 4°JS AS -7 A j7l(i04 -15), 4^1 ^4 4«-?ll 

21 <H 4<a^ 7^7H)a^ ^aj^i N xN£) 4 «L7flel<H A <3-S-§- N s 5 N"M5l ^^^5.4 tl °.4 o| ^^o)| ^-«|) a ?]] 
el<H°)l cH4 *4 44343L ^4^1 ^^1* *44°-S.«l ^H?|el«H ^^4^ ^1* 71144^, 7)144 4 
^447 ^*Sl(4«7llel4 4^ a.4 ^t)# ^14-^14 7144^17)121 4«.?«2l4 444^ 4471 
(104 -16 -1-104 -16 -I), 4*11 7-1«L7lleH 4444 44715. *f-tf ^M.^s-]<^\ 4^ °-4 ^ B d-i- 4#44 
4 4 « 7ll2l<H5i ^jt 4J121 ji4 ^-elo]l^#7l°l ^4 ^4-5.3^, 4 4 «-?He|«H^ 4^4 4 4^114 4444 
4444 4^ 7J4£l(l04 -17)4N7H21 4^71 (104 -18 -1-104 -18 -N)5 4444. 



4 OFDM4S ?144i E iHI 4444 OFDM4s 444*H4 444 4-¥-447|(i03 -8)«H1 51^14 4 444 44 
4 4471(103 -7 -1-103 -7 -NH 444 -^4 444it 4^4 t 15^ 4 444e1I4(103 -9 -1-103 -9 -N) 
5.4 El 444 4444 444s:4 4444. 444. OFDM4sl 4444(104) 4<H14 4 444^114(104 -10 -l 
-104 -10 -N)4 4 44 4 El) 454 El 21 tilt f-<y ^4^5 4444. 44 4s^r 44°fl44 45 4-g 4s3 
4 44444, 4 44^14^ 4421 4«a°fl 21*114 4 4i» 4el44. N71121 444Efl4°fl4 N-a42l 4434JL 
4 444 ^4* HIS. 44. 



OFDM 4 2. 444^1 (103)7|- 444^r OFDM 4 J: * £ 13 Hi £444. 4 44HH44 0FDM4£ 4444 (103) 
HI 4 21 17H 44 4«?l)eH 445! 4 A S7|(i03 -1 -1-103 -1 -1)44, N7l)2l 4e114H1 2144 n445 44=1 
4 4°J5J4s 4. 4^.711814(0^ c!14 44^4s 444 4 A <§444. n7H?H 4E1I47)- 444^ m4*H -S421 4°- 
?l)el4(i)4 444p'. 4i 5S4 ^4H1, 444 16HI 4eK11^ 5J4 44 ^^^4 ^N44, £4 43 4i 
4 «H4 44 44 4 u -?l)eH 44^4^. ^ B i(^')4 AS444 44 445J4^ 447|(103 -2)5 ^t^cK 



444 16 





f , 
A. 










p» : 


• A. 








PnSj 
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ae^JL, £ 144 44 ^«?lle1<H 445J451 «1(P')4| ^51^121 451 £4-§- 44v3 5Jo|4. 4 cnjofl 

A i N7fls] 43)4 o^o]] sfl'g-sH ^44 A iit?HeH(i)2) ^s. 44ofl 4444. 

£44°d3! 4ii. -7^1(103 -2H44 I7H4 44 A^H ? i)e1<H 445j4£ spi(P')o)]A^ „7M ^ AlS-^ £ 

a) 443^0, £ c ^u^^o] a^«o. ^^j, N xN7fla| 44 spj^ Aja. ^l(PY mn )4 PY mn =[P.P.-i) 
3.*\ 7fl7444. 



44 443J451 74714 A H744 44 ^oj^ A)£ ^t(PY mn )4 4434 E}oj Do Hl rt^A^ 4 2)5.0]] 

^44. 0FDM4S. 444*1 (104)o)|Aife- N7fl£) 4Efl4£4El 444 aj.«y ^jAl^f- N7 |)<>J 444e]|4(104 -10 - 
1-104 -10 -N)<HH 444H 4£4 444 447) (104 -11 -1-104 -11 -N)°i) A 1 «1M^ 4H 4513. 4444 

-^e]<H|^^7] (104 -13 -1-104 -13 -N)o]H 4 4e1)43. 444 a|4 4*40. 4 a^ u ? fl e| <H °1 444 44513. 
£$44. 

n4 4elofl447H sj*iH <r4l 443J4JL2] #3£ ^444 #3444, ^44 «*M $1«IM €-3-4711 € 
Ai o.?]|4<H £444 4^14 2.5- 4 ell 42) £4 4 < H?} A J£o)|4 4 444 4« ?l)e)4 A d4i>-5l4El 4*1)471 «1)4 
o)| 44 4a.?i)e)<H 44^ 744(104 -15)<H) 21*141 -24444 44^4^21 £44 4 4421 44 
5!45i2} ^40.5. 4444. 

4. i4 440)1444 ir^HW2l n 7lH) 4Efl44 444 m<fl«1 -244 4 « 71)44 (i)4 44 A <344 />'„ 5 44, n4 
*flSl 4tfl44 A i 444 m44*H2| 44 4434JL4 4^.71)44 A 4£-4 4444. 44 4« 7])44 44^ *S 
1 7^7l(io4 -15)4 5.4 43144 s.4 -S-i-ofl c|4NxN7fls] 44 44^ ^4 ^44 44 444 17"H] H» 
4M14 44 44 4 w^HeMOH cfl4 £4 44 44±3 7^44 44 4*71)44 4434Jl ^«(PR')S. A i A fl 
7 A J44. 



444 , 7 



pr'„ pr'» - pr n 



\P r m P r „ 



P r » 



4«7)144 £444 4*84 447] (104 -16 -1-104 -16 -I)o)144 47) 44 

4«7l]44 445J 747] (104 -15)0)14 t]]44 4«7))44 (i)o)l cfl4 44 a^h ? ]]2]4 40J5J ^?|(PRi)4 91 
^ 444. °)4 44 445J4S4 445.4 44*!H 4444 5J4£5. A 1 « ?1)£H 44 44 ^l(S')* c> )-§-44 
P • S^PR'S. S444. 

A 4l7flel<H £444 4^1 4 471 (104 -16 -1-104 -16 -l)^r 4 A 4 u -7llel42l 44 44 e i4s2] cflsflA^ 
44 445J4S21 4^14 44% v £54 4 A 1ii7llel42l <ys] 4443144 444^1421 cfl4 £44421 

^^(S')* 4-8-4 4°1 7^144. 

S i =(P i ) • PR' 

7«114 444421 ^IKS'W 44 4421 4^ 2 d((S') )<=>] <2°]x]jL A lo7flel^ £444 444(104 - 

16 -1-104 -16 -l)o|l 71444. „4^] 43140)1421 * 0 ji AJ42] 4 u ? j]el4 0)0)14 s] 45:^4 4 3.A4; 7 \ n <£v% 
21 444 £14 1*8 N421 =§ji 4s ^^(R s ) 
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4^ ^#^1(104 -17)<HH4 4 *1iL7lleH44 344421 ^^((S 1 ) 1 )-§- ^ « ?fle1<H 4444 "3*31 4471 
(104 -16 -1-104 -16 -1)3.43 IH'-llll, ^£.42. *PJ(R >)°fl -f 4.2-3.43 444°.3*1 ^a)a)^ >gg..g. £a) 
4J> ^444 4344. 4^1 ^4°) 434 424 4^7] (104 -18 -1-104 -18 -N)*l] 2l*lH 4^44. 

^hh si*m sma-aa.* ^4 <?hi>-hh 4°j ^i^i 44 1 4 si7i ^^j^^k <mt 4<h 

^A|ojl2). ^-ojsV Ala. 7_jo]o144 4«a^t!i 3*13 33°) N«H7|- £|n| *14% v 42| 43°1 3 344t1| £)<H 7)) 

4°1 41444. 5E4, "HIM*]*} °-3.£ *lll *]7-HH h|s))a-| 4e]44. 

ms] 44 ^a ? fle)^ 3 ].o^2j sijig t^ 7 |( 103 _! .!~ 10 3 -1 -I)7> 44 A^u ? ||e]<H 4^42 ^g(P ')£) 
cflsH^ ^cfl^i?)- 4°J4 4itf 444£4 gflc ^4 0 | 4°d5!4:s:2| a]# 44 #40] 
5)4. ae)Jl, °1 ^4 0FDM4:i: ^*A)^Eflo| ^ a. a o v^*v a} Q f.oj^4. 

(*t)ll ^A]ojl) 



4 *fS] ^lll ^a|^s £ 15<H | £a|44. a. AjAl^^A-loi OFDM-tlJ: 44*1^4 0FDM4J: 434*1(105)4 

OFDM-ils: 444*fc(i06).£ 4344. ofdm^s 444*1 (105)^ 7)4 ^a) bi-ii^ai^ ^.g. 714 4 

4 4H E x4iL 437] (105 -l), 7)4 44 4 6 J343i. *8«4 4s. 4 ^ 44 4^BjAis 4Jr £ 

€•71(105 -2), N7l)Sl cflojE^ 447) (105 -3 -1-105 -3 -N), N7flSl 444 $5.(105 -4 -1-105 -4 -N), N7fl2l 
H4 <*43°1I (105 -5 -1-105 -5 -N), 344°1 D J l> A S7l (105 -6), N7)]2} 4<04 ^^71 (105 -7 - 

1-105 -7 -N), 444 -^44471(105 -8), N7)l°l 4443)4(105 -9 -1-105 -9 -N)5. 4344. 



nelji 4 4314<HI3 443£r ^o|e^a1Jl(t,,T 2 , •, T N )<Hl*r 444°1)3 47lt #147l 3s)H 4-2-4 H3 
o| u]-e\ if-7}Z\o] oj^^o. £ 1^44. 44, OFDM42 444*1 (106)^rN7ll2l ^44314(106 -10 -1-106 -1 
0 -N), N7fl°l 444 444 £47)(106 -11 -1-106 -11 -N), 444 ^4447)(106 -12), N7flSl jn.4 4eHI>a 
€-7|(l06 -13 -1-106 -13 -N), 4°1 D J^13: ^a|7] (106 . 14) tg-sD Jl^f -rel'Hl'fit^KlOe -13 -1-106 -13 -N) 

^^Sl-^f ^AJ AlU?|)5l<>1 Hl-Oj^ ^Aj 7 | (10 g . 15) A o V 7) -A) A^U ? l)el<^ 5}. 0 J^ S^J ^-Aj 7 | (106 _ 15) 

^ -? A ^€ NXN^l a-| ja ?fl e] o] Aj.g.^. N ^ N ^o] tfsM, ^1<H1 ^sfl ^ u ? fle]<H<H| tfltF ^-tl -M » 

7flal<H 4°J^ «121 ^*5 e i*- ^J"«-°-5.^ ^u ? He)<:>l ^fg-^-f Tll-y-arl-Jl, 7]1aJ-^ *\tL^H]<^ *$^2\ <* 

s 51# Til^lsHA^ 7l^s}-ir I7)]51 Alu. ? |)el<H ^-^ <gA). 7 )( 106 _ 16 .!~ 10 6 -16 -1)4 ^s)) A^u. 7 ||el<H ^ 

Ji A o v °d^7l5.-Y-El a^ j± 7 |ieloi ^1^-*'-^ < ^*S i a-i- ^#4°1 4 ^1 «7flel < H ^li^s^l 4«H n^f -^el^l^^ 
7)£| ^aj-svo^^mI z]- A-ju^e^o) ai^-^ a.jq^ Tj-Aj 7j^el(i06 -17)4N7fl°l 4271 (106 -18 -1-1 

06 -18 -N)S. -? A ^4. 



7-i«7ll2l<H 4°d B i t A 57l(l03 -1 -1-103 -1 -I). 4°J^^lS -?^7)(i03 -2) tflAlofl 7 ]^. ^ai 4 
°i^S. l!-^7l(105 -1). ^^1 411^^^ ^471(105 -2)# °l-§-4^ 7^515. £H 5l^r Aflalsfjl^ ^Hl 
10 ^A|oj]( £ 12 )21 §-<a44. 714 4«y 4-^71(105 -l)oilA^ 7l4°l sItt 1^ Nl^l ^a] 7 ]£_ 40J 

5J43121 ^^(B)# 4^ A 17J4. ^1(B)21 ltfl^7l -S-<a*H 4^4°1 44 ^^21 aiie^^ -7Aj £ ]j, « 
22) 2^4 ^ Ji^2l»fl 4^1 ^^Jslb A l7j 4^si 44 £4*14 34 ^4. 
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#<H, 1 « 7fleW 4(52), FFT £<US 4(64)°J 3-f 2) 7]£ amS-USCB cx )» 4£°l] £<M£4. 

L^-l- z/f5 4H 3 Jit 3^4^ aJ°|±»JiE^1^2| u ?))e)<H ^s|.^fc. -26z7f~26z/f5 *V4. DC A <3£ 
°1 £1tt -*)«y||Bl«H(0^f)fe °l-8-*M &7l n(«-H DC cfl-§-«Vfe- £4; 0°5 $4. 4*M 18^1^21 411 

^£2) ^^g- H ? Hel<H£) ullol^Hflc ^3}^°) -264f, \Z5Jf ■■■ -Jf, DC ^-g-, ^f, -, 26z/f4rr HlllH cfl 
<U4. 5E$, SL^ ^Ji?fl^^2| 15 3^4411 <U4. 

B ex =(11 -1 -11-11 -1 -11111 
11 -1 -11111 -111110 
1-1-111-11-11-1 -1 -1 -1 
-111 -1 -11 -11 -11111) 

£a] al-oj^A)^ ^^7) (105 . 2 )<H1^^ 71^ 4°J^^lS7l- 4 °}t]]x^, ^'I^H °l-§-S)Tr -fl ^iL°J 4^3 -9 
1- ^ <8£(BI)<H| ^ ^EfluV Bl-ojej Aj-g-j^i Bex £fe -B,, 44* ^SW. 4°J 5 J W 

BI)£ ^Jl. ^ B J°1 " 1" ££r " 11" 5 ^ ? J* 4^4. N=4<?1 ;§-<MH2l s)-^ Aia. ^ B j (B 

1)2) 44^ (19)0 ]) Uj-Efuflc].. 



4°J3! 3# ™3. «H(BI)21 ml ^^-2) n>3i^2] ^Efl^ 7 )- m Ai-g-^ofl ^aI^o)^ nj-oj^ ^.g. 

H SilL, 5W •■ !- oje}-^ Bexf . - _ r -B ex » 4=^4 5)5.(105 -4 -1-105 -4 -NH ^44. 4, 4?) 

°WH 4°^ A Jl-2) 3 A D m^)o, a)z)-o))a^ Aja. u rJ - ^^ ( BI)£] 5} a^o)) c|)-§-sH 4^4 ^5.(1 

05 -4 -1-105 -4 -4)°)]^r S-tf- B ex 7V °J^sl4. 

2 A J-&*H A )4<HH 4^4 s)5(105 -4 -1-105 -4 -3)°))^ -B ex 7]- "y^^Jl 4^4 sl5(105 -4 -2-105 -4 -4) 
oflTr B ex 7f 0 ja|€4. 3-91-^ Alzl^A-)^ q^s)- 5)5.(105 -4 -1-105 -4 -4)°))^ -B ex 7)- <yej5M 4^5)- 5)5 
(105 -4 -2-105 -4 -3)°fl^B ex 7f <y^44. 4^1-^ a)zH]a^ cf^j)- 5)3.(105 -4 -1-105 -4 -2)°)]^ -B cx 
7)- °J^£)al 4=^4 35(105 -4 -3-105 -4 -4)<>]\tr B ex 7f °J<N£4. 

o|a o v4 £o] af^^jAi^s. -7Ajs|.^ ^ u ? n ^ohi cfl*v Ai H?i)e)<H ^ 4^5!^^ *3 s A-& °-l*§ s A-§r Bi ^ 

fe- -BI ^ °\^=- % S S S 4°\ 5)115., Ai<g-*VA,o| *^ o) EE*h 4 0 J-Efl47> ^Al^ izj-oj^ Aia.^ B ^ gi^ 

-B ex % <H-^ 447f £)7) HD^O)) ^S. 4^0) ^)cf. 

£E?h A J7)2)- ^-o) 7-Aj*vo^ s ^ a^h. ? H^o1 ^^12) ^aV^ ^ 014. A^tL^e)^ 4°^!^^^. ^ 

?>\V\7\ £)J1 Ifl-OjEj Ala.O| 2)^0) 2 7(-X)5. ^S|£S. 7)^. ^A) 3\<^^S. U a V ^7)(105 -1) % 4^3*1 

S ^«:7)(105 -2)(^^^-7 I^H 5i<H A ^ iil-^^Al^s. A S Aj^ fe A)H ? fl2H 3 )-oj^ ^ej ^^7].. ■• £a] 

4°J5l A iX 7^7)" Ofl cfl-§-*V)0] 7)5)^5 AV^V^^ o)cH^ Ol^Ajo] 5)3 fl£2l ^±7) Aj^siq 



A 0 V #?!: AfllO ^aI^HIa^s) *]*^^o] Aj^*v^ rf^ e j <?1aj.71( 104 . 16 .!- 10 4 -16 -I) ^ ^ ^AlojloflA^O) Aiu ? H 
e)<H SI^t ^1 ^1^71(106 -16 -1-106 -16 -1)2) vflJf- ^-Aj^ £ j 6 ofl £a)*}.4. o) oj]<h) ^o^a^o) ^aioj.^ 
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4*44N=23. $84. *!M?HaH 344* «|«8§ <?!47l (107)4 %±?W) (107 -1 -1-107 -1 -4), 4^*4 
71(107 -1 -5-107 -1 -6), 44?) (107 -2), 44i*U47| (107 .3 -l), 44^a]. 7 | (107 -3 -2-107 -3 -5), 44i* 
-9-71(107 -4 -1-107 -4 -8), 4£ <£?}-7l(107 -5 -5, 107 -5 -2), °l)5L2l(170 -6)3. 4 A ^44. 



<M«7j|iM<H(i)«14 2i -a) Hl-O^^JA)^ Ajao Jfll , fj , fp , rj ofl cflsHA^ *]|<i) oJ*| £A} A^U. ? l|e)^ j^g igigo} o^ig 

*44°.3.4 ^«7llel<H 344* ^ B d(S)-i- 44j1 SHH 7> £^-§- ^§|-7| $g a-iu ? Hel<H 444* "3*8 
K(S') )-§- 744. ^«?flel^ 344* «t(S')-S- 74?) 3*)H4 *4*! 2021 <34-§r 4344. 



*«N 20 



l(p;J fojf 
(/>;,)'•/•;,+ WriWr; 

■r!i 



i/4 



a1 a fllel'H 344* WtSi)^ ^.i^fciU f- aj^ o] £o]aj. ^ A g c De )-jL $14. »H 44, ^ « ?llel 
<H 344* ^^ e l(S') - 1 S) >1|l *g ^ll 1(4' ), ^]2 *§ 41 *a( 4' ). *11l ^ *ll2 <S( 4' ), t))2 « *1|2 <*( 4' ) 
4 44 D, -B, -C, A4 44 ^13 (AD -BC)51S. *fl44 44 €4. 



43, *43 20°fl 444 4±*47l (107 -4 -1, 107 -4 -2) 4 4:£7pJ-7l (107 -1 -1)3. A2| 44 71)^4. 
7HS. 4^*471(107 -4 -5, 107 -4 -7) ^ 4^7fAj. 7 l (107 -1 -2)°)M B2l 7jlA>4n} sl^a^i (10 7 .4 . 
6, 107 -4 -8) ^ 4^7fAj. 7 |( 1 o 7 .1 -3)<HH C2| 41- ^I^S}! 4* *4?1 (107 -4 -3, 107 -4 -4) 5! 4:4:44 
71(107 -1 -4)<H)3 DSl 44 31^4 

44°11, 4^*471(107 -1 -5, 107 -1 -6)4 44 AD, BC21 44 nm}jL °lf- ^4* SIM 4^71(107 - 

2)4 AD -BC# Tll^H, sl^a]^ (107 .3 _i) 7 } ^/ i = l/(AD -BC)* 7)1^44. 44°1I, 4±*43 (107 -3 -2~ 
107 -3 -5)7} 44 A, B, C, Dt ^i( = l/(AD -BC))3 *44 44* 744. °HI 44, 4' 3.321 D/(AD -BC)7|- 
^M^M^ A/ (AD -BC)7)- 7*1134. £4, 451 #47) (107 -5 -1, 107 -5 -2)°fl 2)4<») 4±*47l (107 - 
3 -3, 107 -3 -4)21 m -f-3H- ui-*14-°3.4 4 , 4 3.3 44 -B/ (AD -BC), -C/(AD -BC)7(- 7*1134. neln 
7*1)34' ~4 A "llSLeKlO? -6H 7)^514. 



47)4 4°1 ^«?llel<H 34^ i S(S , )-§- -744 3*1134 137H2I -&£*4-§- *v ^^_ 7 |. oj^b) 4^-aj. 7 ] (10 7 . 
4 -1-107 -4 -8, 107 -1 -5. 107 -1 -6. 107 -3 -2-107 -3 -5)<HH 711^-^4. £4. ^«?l)eH 444* °4*8 S A 
4471(107) MHM 4^*47l°l 741 £ 17«H| £A]sicK a^^A^l^ios)^ 4*471(108 -1 -1-108 -1 -4), 
-y7KV 7 ] ( 10 8 -2 -l), *J447l (108 -2 -2)3. 4 A 344. °fl * *<H, W' r » 21 4-§- 7^14471 ?1«H^4 (p 1 ,, ) ' = a 
+jb. r'„ =c+jd(4. j4 *1* 4^1)411 44. 
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(p'n) ' - r'n =(a+jb) • (c+jd) 
= (ac -bd) +j (ad +bc) 

3. 22)71 nflS-ofl, 44 444 44 4 A lt 15.^ 5U4. HtWS. A°A%^2.2] 4 a ,34°I 43l4 Cfa j, 

* hS. %)7\ f-<a«V 27fx| 44f- 3 4^ *js|6] j m n0l | en an p '_ h tni=. _ h7) . pi ^ ^oj-o. £ 

-?^ei°s(AH pa. K m tfW €4. 44*1. °fl4 o^/wa^-ii si 44 7ii444 4* asm- 
-a. 



=h mn • (c+jd) 



=h m „ • c+jh lnll • d y\ $7] ufl-g-cH], <g£47lfe- 27H7f £4. £4, h nm » 221 k4*3- 434.5.5*1 a4 h„, 

„2) 44 D J b2 |. O] -AJ.6. a? J b t k al E A| = E*|. fe Al£E Eflxl^ElS. *]44 4 SMI 44. 444 4444 

4^447121 -7 A j <H)4 £ 18-H1 4444. 4^4471(109)4 42 4471 (109 -1 -1 ~ 109 -1 -2), a)He efl ^ 
3(109 -2 -1-109 -2 -2)5. 4*3 €4. 

43(iH 44 445!4jM 44 a|£ $ *14 ^go) ojajfiU, <y^(2)<Hl 44 4°J5!45:2l cH444 * 

4 Jt^lS-tliSl 43l T-S-°l ^44. °d^4 44 4^35431 4 44 4°J§J^S1 43l4 *)-g-ofl JjLJr ^sV7)o\) 

44 44345: A 342j ^:M-4444, 44 4434:M 444 atfla *«JSK 44 443 

4£2l 34 -¥-317} 4°144 44 sl-oj^Al^Sl Aj«. o] jjLjr 4434 4344. 



44°i 4£ 4471(109 -1 -1, 109 -1 -2)21 4^4 44 a) he a. E 1 (109 -2 -1, 109 -2 -2)<H) °Js)44. £ 
4 44 4434Jl2-1 Icfl^lf- 4 0 J(24 k4)4 3^5 *}5L 4.7) n(€-ofl. 44714 3)<L7|- fto.^ k «l5. 44<H1 «l 
e a|se| qjsj.i. aihe el|^l±E)-f 4444 44. °142l 5)5. 434 *H444, 4^4444 4s 4*7) 4 A) 

HE eflAl^E^I 4^4 -?Aj 0.3. o>S - £,4 OJ. E flu|. ^4( N )21 #Oj T^o} ^AJ-^ tt^gg ^AJ.^. 0)^ 

4-2.4*1 £1^ 4^447)21 444 f7}3l£i 515. 42. 443 £3).^ 7^cf. 



444 7 E vo| £a] a^ a ? i|el<H 443 *8 S A2\ £H lcfl^l7> -Y-i u J-°l 4€ ^^2) AflEo| 7 | ufl^) ^ 

A J# 4°J5J^Jl2l 711ah|a^|oi £aj.ai<h| ^^a.av?!!- €5.^- ?ii!L Jf£ *a 51 A 15-S efl^l^-E^f- o) 

-§-4^ ^4^.3. =r 5l£°i, fla ^4it aiTfl ^4. 

12 *J4°«) 

a. ^2| *ili2 #^H1» £ 19<H) 44"d!4. £ ^ A HH1 A 12| OFDM#^ ###^12] 7^€- A o v £^ ^ln -a A l°lHI cfl 
«H4 7}^ ^% ^4^ 5!* A d^)l5. £4. ^14, 41- 1-<H *)Ho ^H»lWs| 0FDM4s ^^^l* 4^ £3 

4tt 4^.5£ ^J^ 7f^f-& ^^44. ^ -a^^^Al^ OFDMAJs ^i^A|A.Efl °. OFDM 4 SI ^44^) (110)2)- 0FD 

M4i ^44^1(111)3. 7 A j44. 



OFDM 4 si ^^4^1(110)^ 71 & £4 4H5J4S t^7l(H0 -l), 4 4^14^1 ^4^14 ^4 4*a^ ^44 3. 
4 ^4<H1 cfl*H A i GSl 44§« A 1 4<H44 *4 42J545: 4^ 4471(110 -2), N7fl2l c-no) E l 447l(no -3 -l~ 

110 -3 -N), N7l)2l 444 515.(110 -4 -1-110 -4 -N). N7|J2] i4 ^-f el<H| 447|(110 -5 -1-110 -5 -N). ^ 

44°l D o' 4^71(110 -6), N7H21 ^44 444 447|(iio -7 -i~no -7 -N), 444 ^4447|(no -8), N^fl 
21 444e114(110 -9 -1-110 -9 -N)5 44^4. 
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3.HjL*timWt *4S|fe- r -)l 0 )El ^i(T,,T 2 , ••, T N )°flfe- ^41«MH #}is}-7] ^o^^nel^l- 

°] 2l^r HiM44. OFDM^lS ^44*1(111)^ N7fl£] =^44Efl4(lll -10 -1 — 111 -1 

0 -N). N7))£| ^4-§- ^4^r £471(111 -ii -l-lll -11 -N), ^r4-§- 4^4471(111 -12), N7flS) 114^ ^H^ 
471(111 -13-1)~111 -13 -N, EM^-US ^71(111 -14), 4*11 II 4 ^eHl£?J-7l(lll -13-1-111 -13 -N) 
°H 4^14 N^HSl 43144 NXG -a#«I #344 4^45:4 A}-g.n>4 4440} G3 4434 4H5J 
^■&°fl ^4444 44 sHJ^AlJr ig^^ S]S(111 -15-1-111 -15 -N), 47l 44 A J4 35.3 * 

^91 NXN-S-&2] 44 j*<33HS-* SWMM *m?l)eHH-i} NXN7flS] *j£4 4444 N$ Nl3 44 ^H?He| 
°1 4°J3 S3* PH 4444 44 ^u?He|cH 445} «g?§ 4^7l(iii -16), A <M 44 AjuyfleW 
11 -16)°H 4^ 44 ^ii?lle)<H 4H5! ^14 434*1 °l ^1°)] ^sfl ^«7fle]<H^l| cflev^Ai 4H3!4:i: ^ 

IS] ^111 44*IH 4*11 ^« 7fle1<H°fl tfl tV ^ a ?|j el 01^4444 71)444 71)44 34443 oasi^.§. ^AVgfl 
7-1 ^ti. ? H^<^ 3444 oiS^^SH 7l^5)-^I7flol A^ti ? flBl<H 3444 3*Slt 447](111 -17 -1-111 -17 -1)4 

4*11 ^ ? fle]<H 4444 3*81 447)5.4 el a^ h. 7|)eH 44-t4 3^14 S1«HM|2, 4 *\ « ?fleH3 *j £43:21 
4*1) H4 ^eH'fi^ls) #34 444:5-5.*) ^ >H « 42* » ^ _ 8)S j. N7fl2 j ^ 

71(111 -19-1-111 -19 -N)5 4 A ^44. 



0FDM45: £44*1(110)<HM°} £ai 4^43: ^-s £€71(110 -2)<HH4 SL€r 44 4°^ G9*j 44 

44. N=4, G=24 34* €-44, 4434 44^43-3 4 A <34 £ 20°H £4g sjEfl/V 44. *K »lll 4*1 
°fl4H. 4H3! 42 «$(BI)3 aj« °. =g Hj-^g. Gil 4444 €44 4H 5 A , 4:i:3 ^Ajo] 7*1144. 
N=4, G=24 34°1H3 BI (BI (N G)=(4 2) 5 f)bNl (NX2)43, 4 4*8 8°J3 «g?Jo| £H ^r^A 1 2HI £a| 

=r «!- ^! 21 



fi i -l -l -i -l -l -i 

ill i l l-i-i 

i i -l -l l l i i 

ill i -i -l i i 



OFDM4S ^^KlllH^ °M ° a v eiA) 4^ ^ 7l^S #4 tlcfl ^zl- 0 ) S]xr 

^*4» ^^J 4°J5}4i ^-^Sl- 5)51(111 -15 -1-111 -15 -N)<HH ^*14. 4, N7H3 °J-EfluH)Ai N x G 

T^J^ ^^^^iSS] IL^ r ^e1<H|lg?J. 7 | (111 .13-1-111 _ 13 - N )0| ^^o,) cfl ^^ Z). ^Al SIOJH^A)^ srj^j). 5] 

^(111 -15 -1-111 -15 -NHaI^ ^I-sWH G ^'t^'Wl fl-S*M ?J ^rU -3** X S^4^, G + l 

EflH-oflAi NXG ^* 4°J9J A J51*-N ^-t! ^±L7)]3H 4^5J ^1 7 A j7l(Hl -16)<H1 ^ 

7itn|. 



=7^ AiU ?) ] & |o] 5 )-Oj^ ^ig -7Aj 7 | (11 j . 16) 0 |-^0| AV-g. ^] 10 AjAl^l^A-j AjojSj. ^57). ^ o) ^ 

3Vo)] o^sfo^ 7\ ^-^AS.^ OI^Al «-0^ ^B)^. UJ.^- 5)^(G)4 f-^«l)7l H] Sp^A^o] ^.^ AJH 0 | ^ 
Cl AjSj-^ ^rtSV- ^Ajo| 7)-^47|| 44. 



°l A o v -a^* ^110 ^a]^] ^|12 ^ahi^a^ Al^f-"r£] £l3)H 4°J5! A li2] a)^ 

°|-g- JLi-l- 7llAj*l-7| ^IsflA^ 0FDM4S ^ A 1^I«HI A 1 411^^513- a1 a^ u.7l|E]o)44 -?Aj £ |^ z| <y.Efl44 OFDM 
-31-°fl 2]*M 4Jislrr ^4, 4 <Hi^ Ai«7|]e1<Hoi| ^ev a)^^ 2 ^oj ^.^o)|a^ 4^^-^5:21 -y^-t- ^ 

15. a^sH Aiu 7 fle1<H44 4°J5!4s: ^^-^1 cfl*> N<§21 ^ B j°) 7fA|£s. ^aj^a-i ^a]^. 
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JL, OFDM43L 444*1 °)H =£4^ 445}431<H] 44 44S4512] °A^ s ii 444°. 3*1 444. 



444 #444 434 34 44 e A 1 4:£i- 5.4 4 A H 444 4 SI* 44. «H 44, 44 e A 1 4JLi- * 

44°il fl°H 34 *144 44^4311- 444 AVoflA^ A^ ^^Xjxl ^AJSJ. ^0.5). ^J*^ 5} 

4^4£» 4444°-3.4 4*fl ^^-i- N«H5. 4 4 5!4. °1 <4S-<Hl 443J4JL » 444 4<H]4 *]£ 4*H4 
4 444 3 + *f «1 Ja^-M 4444*1421 ^^^jofl ti^A] 3t°i%*\3LZ] Ajjr. cfl *}--§- *134* N«DS. S t 51 
7)1 £)<H iL4 344 44442) 434 t ^ 5i?fl sH Al5)£7V 443:2. °l|e-)4 %H V 4 444 4 44. 



4 A H4 f.«Sj£ 4JL 4§j2) 44?»4£4 #4471 3*1144 Z). Spy^J A).g..g. N7 |)*| ^Als).^ ^)]10 gA|e| ufl 

*) A)|12 44°fl<H) ^i4-^ o|-g. ££o| Xi^cK ^1 10 *-H*l *l)l22) 44 C 4H44 31-^?!^^* 4444 *m 

* 434 «yo) ^o) cj-^^f-os.^ ^3 ~ 7} a. 4°°i ^5).^ oj.g. ££-1- ufle]x| 44442] ^3 

3 4 £4 $444 ^ OJCK 



4444* 4347) 34 44 4<a5j Ajf-s] a^h 79 ew 4421 #4*14 f-44 $±3. 4^3.4 443 

£4, 4<d ^M?|e]<>l 443 *S4-% 4 «7l)eH44 7Mfe- 4 0)4-4 7)£ jfl-^Aj^ qg-g- zj- s}-<||^ 
4s:44 -a* 433 4£1 4^*141 4°i4-°34 444 *]3)l- «H 33 4£2) ^ <tfcf. 

4U34JL2) u ? i)e]<^ £=. ^cfl^|7f ^-UsH ^-J:^<>1 ^^21 xflEu].o s a^ u 7 fle| 

<H ^t% Vi r 2^§H 0FDMAJ51 ^Aj^V^l ^ofl^ ^ej ^XJ-ofl 5U<H>H^ 44l^J-7l2l ^AVf- #<y - oj^] € 

4. £, o| ^ a fl-H Av^oi ^ElIM- 5c4(N)7f ^7H>^ € SC f. 

OFDM-ilS *^*HH SL€r °J-Efl42| JH.^ J^U^^-i GSl ^4*114 OFDMAji 
GS) --r^J 4 < a^^2| q aj^s] sg^^ 4°d 5 i -Sl-Sj AJJ: cfl ^ GHfl a ^o.s.*q 

(^113^4^1) 

& -a4°fl ?J -^*4fe all 14 *Hofl£r f-ilao(-M ^<H4^ 4^5.n °l-§-4^ <a (®0*^ £43 

3 2) £-§■-§- fr*A]Q ^ OFDM-tls ^i^Al^Efloid-. 



£ 21-& ^ ^^2) 7)]13 AjAl^oj OFDM-tlJl a)^e«(210)2) 44M1^ 1^£44. OFDMiJi ^^a]^ 

^(210)* OFDM^JJi ^^1^4 (201)4 OFDM VS. ^^^1(202)^ -?^£4. 44^1^- i^^o] ^ojaj. OFDM^JJ: 
3**1^(2103), OFDMAji *Aj^l(201a). OFDM 4 S ^44^1(2023)5.4 4*344. ZL?]2. 444^)2) -^a) 

o||2|. v\%7}*]3. 0FDM4s #44^1 (20i a )<Hlrr 0144 ^47l. 445J4s 4 A 5 4tK 4#4 $3.. -344°I4 4 
A S7l, *4-§- ^4^ 444, 444 44444 f-°| 44£M 0FDM4s ^444 (202a)°ll4 444 ^4 

4 447|. 444 44447). 4°l D o'45i 444 f-o| 44^14 5144. £ 21<H144 0 1» 4^ A±2) £A|f ^ 
Si 4. 
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OFDM4*. 44^*1 (20 laH A i, 2114 ^3 3 JM^HjI N7)l°l 44 0)^33 4*-S)-44. a el 

ji 4 -a^H^Hfe- <H|e1 -f isi 4*-Sl 7|t^ 7 0 v^*v oflel^^<y zJ#47] -f Jisi- - <s#$ «1 u} 34*1- 

b 34* oflS §-<>H ^$4. 212b N7fl2) J/ 4= ^4eH £«-7HuI, 2134 N7fl2] 44<?M144. J-^JL ^7}*] 
b " N" °14 2°)42} 34°14. 



OFDM4JL 44 : 8'*l(202a)<H| $i<>H 3114 N7fl2) 444e114 0 1:h, 312b N^flSl f-eH|.£;£)-7l°l4. 3 i 3 £ *j 
.M.?lleH c-l|olEl ^-^7)01^ ^^0)1^51-71(312)^ a^ tL^^^ 01-40) j^fl^. x)-oj^) S >£^?!-£f. 31 

4b 7)leH ^Tfl^ 44713.^ Jl4 4 eM»S«:7|(312)4H £4 2:42] 4444314 # h. ? 11 g\o\v\ 

43 4t7i|^ «g^-i- 43*114 H ^*S E i* 7fl#44. 315^ PflS] 4 a 7_VAj ^aJS/H 4 °-7)leH Cflo|El 

4471(313)21 I Tflf-21 4^4 A^7flel<H 4lM)4 (314)21 I Tfl-f-SI 444 *344. 



3164 I7fl2] 7Vf^)4 444.^, A^« ? l)e)<H d|o)El ^71(313)51 I 7flf-2] #eH)4 7^7)1^1- 7||444. 3174 
I 7fl2l fc^lSAj, I7H2] *i UfBel-H TMj (315) ol ^BJ4 pfloj 7>^7ll^ 447] (316)2] #53-1- 4444. 3 

184 34 cfl^lEl 44713. 4 £AV7| (317)21 444421 Tfl^S. £444. 319b 427)014. 320b 443 

oM33 4*-7l*14. 

^M?l|2l<H 4 , &7j|^ q«3 4 A J:7](314)b i4*«(ib 1 °14 I 4421 3=^)2] OFDM ^M?fleHi Sl°H£| m 7M 
(m4 1 °I4 N °l*V2l 34)2] 444efl42l- n7fl^( n ^ 1 °14 N °142| 34)2] 4=44314 a|-o|o] 34"7il4( 5'. ) 
4 m*3 n°j2] Ajfo^ 42= 44314 «t(S')Sl ^^ e i(S') "» 4 7fl3;44. jqu^eW Tj^] 7j)#ei (315)4 444 
N 342) 014^4^] flo^SI Aiti ? ll5l<H(i)ol| cfltt 34°ll (S 1 ) 1 4 44*H 4*- 434 S.^JL 4434 31 

6 1ei4*-« 4e]44. 



£4, >«ia ?iie)o] #3 7j^e1(3i5)b ^ S JH* *^f°l«l 4*. 442]- ^°J*> Sl44 °HI 4ah A 1^- 

7Hel<H ^#B1(315)°)1^2) #^ ^I^-b 4efl2l ^4°)) £ 212) (B)^)l °Jellt £ A l*Rr «V4 7 ^ 0 1 

c)l*5>b ^4 01o|E)^1^2l ^4*1«H1 ^ 3 sl4. 4, ^ ^H^s^l £l«ll^ fleflS) ^^"S ^l*-4 ^^*V 
b "S-^S. 4-§-*l-7l ^b^l ^14^1 ^ < y ; S*}^ £4. °H A i^-?llel*1 ^1*^(315)21 *5a# ^ 

4 c-flolEi ig«.7l (318) ofl °J^*f^ J*27"K319)°M ^#5)b ^o)e^ (*K;likelihood) b ^-efl 

°J<>1i! Sto] o>^4 «y^47fl 7>4* ?a--°£ 451 711^21 #^^171- ^ a|o, ^jaf aj-^eM ^4 0) u%z°\\ °d 

lleH^-l- x ^iL7l- ^<H^ ojji ^^xj sic) oj^Aj oU^AlAl 4S7l(320)7F^ €-51121 

4^1 fhflt 4 ?i7fl =14. 



0)2). Tj-o) A^H ? llElo) ^-A^ (315)°)!^ 4 A J^b tflolEi A J±2] ^J^ r ^i7> ^^!E]7l uflJ?-ol) Aj A ]ol]ol gpp 

M^J*- ^4 A l± E i'(210a)<H|^b ^lM?)lelol cflolEi -7^7! (313)21 I t\]^-2\ *eHH -^^^517f aj^s. 
•4EMb 71-^Tll^l- 7)--^ Tfl^ 9j ^71(3 16) -HI 7-1 #1^-?H}. 4. 4 ^ A Hl2l OFDM^S. ^4t-1^^ (210a)4 7>^7il 
4 91^71 (316) "A 4 A J-7l (317)4 #4b 4^'-°-S 

7HoM|^ 9jAV 7 ] ( 316 )7|- #)^-4b 7^7)l^(W i 1 , W 2 , -, W' N )b 44 ^ 7 _|ElA)uV o^7|A^ ullAV^Ajoll 

*v ^aiai^o) C |) ^v^. 33 U | (SNR)S . 7i|^4b "=114 A i^«!-4. 

N 741-1-21 £A| ^ojElollAiol A^H7He]ol (i )cHl cfl *1 ^ u' , , U' 2 , ■ ■•, U' N . N Tflf-21 ^tl ^o|eH1 i% v £lbAW 
GN(Additive White Gaussian Noise) ^42) *\ « 7fi e| <H (i)<H] cfltb A ^44 n , n' 2 , -, n^S. s}^, N 7^1421 4 
Al dlolE^lA-lsl A^U7)|eH(i)<Hl cfl?l -y-SrCr 1 , , r' 2 . -. r' N )4 H^Ml 2]*H 44 4^ »S £7lt ^ ^4 
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-rSH] 22 
r 1 =IP • S 1 +n' 

r i =fr, i .r 2 i , -, r N ']. U' =[U, ', U 2 ', 

-'r«! ^l 23 



iVl.nMn,', n 2 \ -. n N M 



( ? «?" - f 1 



^iSyi 5^2 *" 5f* 



" m" °l m«ti^(l<m<N)Sl ^^I^Efluf ( 2 13) * «+EMI IL 5111, " n" «>1 nS!^ (1 <n<N))S] ^-ti^H^K 
311)1 M-El-tfloL 514S t "OL ^'1 *^°J:E1M-(213)S1- ^°J:Eflv+(31 1) t 71*1^ S*£SJ *d£?ll^°l4. 



^*!-ai 24 , 
r'=UW • (S 1 ) - 1 

r^ A ! 25 



(5')" = 



l> 11 ^ 12 

<V ei»' 
L > 21 0 22 



<V or* 

k > JV1 L> A r 2 



& AW 



UV -. U' N )21 Aiao| i u I jr. a] f-^sl-ufj! r ',. r' 2 . -. r' N Sl aIJt cfl tf£ 33*Ur. 

=r«!-i] 26 



SAWl 
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4. jfe N 4421 44444. Vl-'j fe- 4^4 44± *£f- 4*1-5.5. 443 264 44 34 44 ?4tt 4 5i 
4. 



444 27 



SNI 



Ml 



4<7 : £ n\ . n' 2 , -, n' N Sl 4± 7>4±££<HMSi 4444. 



^ 7 }A^ 444J12) 44 434 4 4 u ? fle]<Hoi|Aj -g-Hsl-fLS 4 4 H7|]eH2l SNR 444 4 4 « 7fleH<HH2] 4 
4 442} 2421 444 444 44. 444, r 1 ,, r' 2 . -, r ' N <H| fl|4 44*14 (W, , W 2 . -, W' N )4 444 
27°1)4 4*1144 4 4*7114421 SNR<H|4 cf* 4444 44 £444. 

444 28 

•« iy' = £ 

4, 444 28*1)4 K£r £4 4«?1144 444 3444. 4 W\, W 2 , -, W' N 44 7f4?ll4» A^He)^ 4 A J ?J) 
#£1(315)21 *«H #«\2lS*1 444 44 3J£-t aU44H 42:4(319)°H 4434 4^344 444 °1)44 
=8 4£4(320H4 °94334 *4. 441 44, 44 3 £.41 4444 4£4H "S43 41433 434 3 

H14 4 fit 4 514. 

SE4, ^ 21414 (A)4 4 h?1144 4^ 3144 °J4 442} 43144. ( B )fe- 4 v^6\ Q$ ge| 44s] <y 

4)44. (C)4 44*14 444 xi^o| <y 3)0)4. (D)fe 44 444 °Je)|44. a) h.?!)^ 4-8 ? J!44 

(315)4 4445.3.4 444 44 3a* £ 212] (CH Uai-i 44MI4 44 4°) 344^1 4 44. 

(*»14 *^H) 



4 4^2] ^A]oj]<H| 4=. OFDM4i #44^4 444 5. 2241 £444. 4 £4414 £ 2 12] 444| c))4 
44 444)4 4°J 43:4 "Pi jl 4^* A 3444. 4 -a 4 "AH 421 0FDM4Jl 444^(210)4 0FDM4Jl 4 

44*1(201)2)- OFDM451 4444 (202)3 4344. 47^4 ^^2] 444 OFDM42 344^ (210b), OF 

DM'Jd 5. 4444 (210b). 0FDM4S. 444*1 (202b)3Ai 4^44. 44442] 44412)- 4471-43. OFDM-tls: £ 
444(20ib)4)4 3144 344, 4 0 J?}4s 4 A J ^4 444 $3.. 4^71, *44 ^44 ^44. 4 

44 -^4444 4°1 4^=14 5515-4, 0FDM4J: 4444 (202bH£r 444 444 444, 444 34444, 
4I°J A J1 4 A 54 44 44^4 444, s. 22414^ 44 -7 A j &£2] £4t A .S44ii 44. 



OFDM^ll: 4444(20lb)4 °I1433 4^4(211), 4e144(214), ji4 ^-f-eH) ^44(212). 444^14(21 
3)3 t 1 ^ 44. 
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0FDM45L 444*1 (202b) 4 444^14 (31 1), H4 4&1 <H]447l (312), -HiL^eH ^o]^ -?^7l(313), ^1" ?1) 
eH *JiMI4 <a^V7l (314). ^iL?M°) 4 A J ^^^(315), 44?||4 447] (316), 4471(317), ^1- 31°l 

el £47) (318), 4^1(319), t|ojEls1hH(312), 44 A <j oflel^ 4£7l(320)^ 4^€4. 

°jE^a1(2l4) ^ t] °] e1 e] b) (32 1 ) 21 7l4°11 cflslH ^ftcf. °jEleH (214)£r 4i* 4444 4£2l 4*1* 4 
¥2 t]<?]Ele^(32l)ir 9Je^hK214)°)1 SjsH 4£ 4 A 14 4 43)3. sH-elfe- 7144 #£4, 

7 J447) 4JL ^ UlE^Ul 4Jrofl oj^ oflg^^ h,e ^e^l-olAj-aj^ 4444 ofl ofl uflsiH 43:4*14. 

h)e ^je^V 443 uJ-EH+tr iH±S ofleU tfl*IHfe- £4. nefl^ <?1e^h1(214) 3l 44*1 eltH (321)4 

^l* t<4 °1*HI °jHil# M-EKllfe- 44 ^-0| H|E 0J 0 | OJBJ^J ^0.5. 44 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 

°}7H 4?1 ( ) tfl 44^ 4 oie <y-^ £ A js. 44^)4. 4?)2l- 44 oj^ 0 )e <g.§. oie^e)^ (214)4. <i* 4<H 
444 £«>1 2*fl*H h||°344. 

(1) (5) (9) (13) (2) (6) (10) (14) (3) (7) (11) (15) (4) (8) (12) (16) 

■?] £12^(214)011 SlsH 44?r 44 h)e oj^ 0 FDM45L 444*1 (201b)<HH 0FDM4JL ^^l^^l (202b)<Hl 44 
44. °) 4°HI *H<>I C J (#£]) f-o.5. oj^H °J44°11 444 ofle^)-. oflf- 40} 0)44 tJ-o) % 0.5. 44. 

(1) (5) (9) < 13> < 2> < 6> < 10> (14) (3) (7) (11) (15) (4) (8) (12) (16)" 

4^1 < > fe- ^)El7f £^4 HIES ul-Ef^Cf. ^4, ^l°jElelHl (321)7f £*\ 7\ 44 <$ q H| E ^ o} ^ 

slteM ««-Sr<Hl 444 oflel^ 444 4°1 $3401^44. 

(1) < 2> (3) (4) (5) < 6> (7) (8) (9) < 10> (11) (12) < 13> (14) (15) (16) 
°H 44 7 e!447) 4jH "A alE^l 45.°il 21*1 oflei^^s] JL471- 4444. 



44 £ 23* fisl 6 ! 0FDM4H 444*1 (202) £1 ^u ? Hel<H ^#^(315)01)^ 21 #^^1^ ^ao] a|?J- £ 
2^21 14* A J^?!-4. £ 23<Hl A i^ £ 2H £Alsfe OFDM^Ji ^^A^Efl (2l0a)^] 7}^$]<t °d A l7l (316) 
% *47l(317)# 4^4^1 ^(47H^ €21^- 0FDM A Jj2. (220)°]?}JL ^^^^Is. ?]?r 

21 Al?i ^44 £ 2H °Jefll- £ A 14rf OFDM^Sl ^^±^(2103)^]^ ^S] a)Q ^^f- n|jE4jL 

5i4. £ 24<H)a^ OFDM^JJL ^^a| ( 2 20)<H1 21 4^121 #^ 4^2| ^ ^ ^44, 0FDM45L <a 

*A| :i .Efl ( 2 1 0a)o)lAi2l 4^712) ^£ 4421 Al/J- ^4t H124H 



£ 23 51 £ 24^1 £a]4^ aj^ ^^o,) oj^ a ^ 0FDM42: ^^aI^ea (22 0)2| 4efD)E^ 444 ^4. 

4#£ 4(4Efl4 tcaJ- = n): 2(4^^ 27fl*l) 
^.4 4£: 54Mbps/^^ 
a^«?11^<H 4(=I): 48/^^ 
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AiHffleH «g £ ui-ai. 64QAM 

44 43L44 3/4, 444 72] 7^47] 4£4/Viterbi 4£ 
5fl<>l^: 184(&) efl°Jel 3)]°l^(rms *14 ±=eflH= 50[ns], £-§e1 444 = 50Hz) 

£4. £ 23 ^1 £ 24°ll £A|sl-if °MAi OFDM4X (210a)2l 44 D 414 444 £4. 

44£ 4(43)4 44 =N): 2(444 27|)*!) 
34 4£: 54Mbps/*)) ^ 

^«?B&|cH igs 44 64QAM 

°fle1$3 44 3/4, 444 721 ^^7] J>4/Viterbi 41 

aflol^: 184 eflojel *| °l »8 (rms 34 ±=Bl|H= 50[ns], £43 444 = 50Hz) 

333*i: 3H 

447)14: #71 K 44 K = 1S.^ 434 

£ 23<HH, 33 4^14 OFDM 34°14. £4, 0FDM4£ 444*1 (202a)2) 3 h.?]);^ 43 7,H43 <4M45:4 0 
FDM4Jl 343i>3(220)ol] 4334 0FDM4i[. 44432) *\iL^?)<>\ 7JI43 0 1)32| <y^Al5L2)- ^i^t 3 

44. 0FDM33. 343^ (2103)^1^4 £ 23<H1 £3£ 44 4°1 *33£ 34°)13 434S7)- 
21 34 3J£7)- *ms)°) 44. 

£ 24<HH4 n^MS. (319), 0FDM451 343^* (220)<H|32) 45-321 #<M -° r £ 33.2-1 a)# 

44^4. a]iy c}£) 4 OFDM 34°14. £ 24°))3ir 444 4«f 43 444^7h 34 4e))2| 343iL7l- ^sjsh 
514. °H 44 453s] 43 4£ 342) 34 #^o)|.& n ^o| 4<gsH 5)4. ^_ E 2 12] (B)°)l 7)1344 
44 4°! 3h?H33 43 ?B432l 4*)33. ^iio| oj^sj. 310.5. ^7] ^.g.^ 0 FDM4J: 3 4 3 ±<3 (220) "HI 3^ 
4571 si 43 tE 4421 £^4 0 1 4t)| 44. 

£ 250)13^ £ 21, £ 22°)] 44 «Ub|# 44^ OFDM 4 343^ (210a), 0FDM4SL 343^fl (210 b) 4 
OFDM 4 i 3437^(220)2] afl^J °)|e1-g- 4f^-§; £3^4. °\ 4t) 344 £4 0FDM42 343.-^ (210a) 2) 

44334 444 44. 

44£ 4(4^14 44 =N): 2(444 27lH) 
34 4£: 54Mbps/*ll^ 
3M?H33 4(=I): 48/*im 

AiU ? |)el<>l HJ^I; 64QAM 
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H" 4 !: -¥-3l2|"§- 3/4, -?^f^ 73 *J#47l -Y-£3jWiterbi 4£ 
AM 1 *!: 1831- iHl^Hl 5l|o)^( rm s *1<S ±*'4E.= 50[ns], *H E*e1 ^3Hr = 50Hz) 

7>*tJ^: A J-7l K K=13.>H *Ja|# 

£ 25<H1 E*14fe -M^ 14» OFDM-ilS Sl^l^ (210b)Sl 44 D )3^ o|44 z>4. 

4^E ^(<?H]4 £4=N): 2(3^r*J 27H^]) 

^fS.: 54Mbps/^^ 
^«?He]<H 4 s (=1): 48/*l)^ 
>H M ?H 21 <H £ 2 £4 64QAM 

"JM: *f-5.#% 3/4, -?^^ 73] z)#47l Jf£Sj-/Viterbi 4£ 
sWS: 184 Efl«yel 5)]o|^l (rms x|oj ^h 21 | H= 50 [ns], 5)0) Efel ^4^r = 50Hz) 
<?]E]s1JeL: 16«1S. 
7>**l«r: A J7| K a-i- K = l^1 

SL*K £ 25<HI £A)SV a^ £3|-£ <g£ OFDM^l^ 3* A )^ (220) Si 44 D l<MTr A o v #tt E 23, £ 24-Hl aj 
« ^4* 44*1^4 §-<|J44. 

£ 25°11 E A 14^ 44 £°1 £ -^HH 3*M HI 3 SS«H7> 8.8X10 " 3 °W 1.3x10 3 3. 7fl-£i£4. 44 
*M OFDM^Jl 3**1 ^ (220) "HHfe- SNR°) £-& 4s:£ Hl£tb -°r£Sl #|^€4. JZ^Mtt. 

A o v #^ ^113 U A £ 4i*HS| ^(OFDM^Sl ££ A )± E ,!! (210a), OFDM^S ## A 1^ (210b)) ^-H fe- SN 

R4 413:^ 7>f^H £71 ufl-S-ofl a -f £2) ft* 7|-*I4. sVtfls. SNR4 aJJl ^ 4£ 7^*1 f- £ 

4 4£ -°r£ St-I- 7>^4. W, 0FDM43L S^li E j1 A^A^r S ^47|f- 4€4*1 o| 

^«1 **Hb133# t *r SI 4. 

01^4 7^ 0 | a. ^A]oflo)|A-i^ xi-a-Tfl^ e?4£s| £<iM *8£e1 °J344 £|«H =8.SL7l- 

^*J£1<H H^tt SlU °) £4 gJHM 74KFs|fe- -f E* <>l-§-*V °343 Hlel^ ^cfltL^-S. 

t?it-'r 4. 

^ ^ s:4-t a|«j ^ 0,71] 5)4. 

(^ll5^^|o||) 

-a^l°ilrr A o v #« -a*HH*IS| OFDM^JS <&o]*\ M.4 ^ ^4^r °1* £-§• ^ 0 v t £2-4rr ^^.3. 

A 1 *^<H1 A 121 a J-*4 ^4=ri2.4a.^# ^4fe SJ°l4. 



a c v^^ m>s|. 7^o| ^.oj^ ^4-^c))o)| N7 ))21 Al^f. 4f^o^5. ^-o.S«1 ^4=r °|-§- SL ■§■•§- N«H3. 4fe" %°) 7^4^l 
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4, H 4^ 4U ^S 0 !) 3.7}] 21444. N^HS] 43]4°1H 4^ Aljri^ a- 4^ g$7H 2|S)H 

MWifBH S^-sU ?W ?J14eH A 1 4# 44£ N7BS] «Ni4«( si an £ai£ Aiif- 4 44 a* 4H44 
£e!44. 4 A J ?!#el2l 44<>IH4 N7fl°] 4314 7}|f- £4°fl cflsiH 4^4 ^4^ 47). ^^n*H ?£4 34 #*ll 
3 *5*fl^)7l ufl-5-o)), 444 -444£4* 344?ll ^3*H >i344 5 01 =42.51144. 



°14, 4 ^ A HH1 21* 0FDM4JL 44 A l± E ^2l . 7 Aj-Q. £ 2621 44£* 4£*)H 4*344. 

£ 26°fl *1H44 0FDM43: £4*1:^4 OFDM4£ 444*1 (607) 4 OFDM^li 444*1 (608)3. 4^44. 0 
FDM451 444*1(607)4 g/gA|7l^ 2 o|^2l 44 N7fl£l 4°J?!4Jl 4^7) (607 -1 -1-607 -1 - 

N)2J- filial El tii(Ti • T 2 . -, T N )S|- s^S^lS* 4444 N71121 444 s]3(607 -2 -1~607 -2 -N)2> N7flS] 
314 ^4eHl 4471(607 -3 -1~607 -3 -N)# 4*11 N/HS] ji4 «*4sHl 4471 s.4<>)) cflsflA^ ais. 40) 

D <)4 4444 ^S-El-^l^ lH7l(607 -4)2f 4*11 Ji4f °*4eH| 44712] #34 44 4445. £444 N7|)2l * 
44 t4t ^«t^1 (607 -5 -1-607 -5 -N)2f 4*11 444 444 4471 2) 2.4*11 444 44 444 JL# 444 
4 444 444471 (607 -t3)2F N7H2^ £-*}43l4(607 -1 -1-607 -1 -N)3 4344. 



SDMI- °144 OFDM fH^Hfe- 4 4^14 7)1421 444JE011 cpM 4eH) 444 ^4 42) 4 a) tL7])e)ol 4^ 
°1] cflsflA^ jia o va A) A |^ 7 | ^0.0,) opdma]^ 44440H4 444 ^44 34-HH 444 444 

-2.41 44 3 D J£* #3. SL3*H 4 A 1 «L^fl Si <H ?i£] 3-uL3* 434 1^.7f 514. o]st\ 7^0) 40.3.4 OFDMtl 
5- 444*14 444 444£4434 Bl-oj^jAj^s 444^1 44 34t)14 434 44S4JL4 444i 3- 4°)) 

Cfl^lElAl^S. ^Al*Vcf 0|0| C))-g-5flA^ OFDM45. 444*1°1H4 ^^Tfl^Sl 5| CflOlElAjJ^ 44<>)| OJ-A^A^I 

A Jl^r, °J^^.S.fe- ^t!- #m!k ^$-7} 0)^-^4. Hj-a. Al^o] ^7l^o|"°uiA|ni ^^£4 <§21- 

5)71 nflg-o)) ^E]3))± Bflol^oJ o^^a^ HJ.4 A]£ o)^S] ^J£.o| ^4^i^*Aj^ 4<a^Al ^o{| ^ 

* °J±7lAl ?^ Ala. ^Ajo] a^alsfc).. 4 Oj-Efluf Til^-ol #A)5l-^ hV^4 ^^^^^^ Hj-^Al^ OFDM 

US. ^^)(607)<H1^2l 411-4o)d1 1H 7 | (6 o 7 -4)<H1 2lsfl %7\?\ £*\S\7) «fl-S-<H], N7fl2l #-tl°VEfluf(6 

07 -7 -1-607 -7 -N)°)H #*£lfe: ^1^*]^ 7]$ f-«a^ 4 0 1 D 0 '-2.S- ^^ 0 J-Efl<4°fl °d^€4. OFDM^Ii ^-i!^ 

*1 (608)^ °J-Efl4 ?l*2] ti#4 t4^£*k^-§- 4°J^ A J5i7l- 4^« 4^* ^^14^14, 4^°1 

t^^l^l 44 44 4i» °l-§-4n $i4^ 4^ -91-^^2) ^71^4 4M^I4 "fl^l 4*4 ^44 

iL4^^4 44=7)1 ^tv 4 2Jti| 44. 



44, OFDM^ls: 444^1 (608)4 N7)12^ 444^14(608 -8 -1-608 -N)4 4*11 4^4^1444 ^451^, 44 
44-421 444i» 4^°ll 2j44 444°fl 444 ^444 N7fl2l 444 444 4471(608 -9 -1-608 -9 -N) 
2k 4*11 N7fl°l 444 444 £47121 £4<H| 44*1 44 444^4 4^44 444 444471(608 -10)4, N 
71121 4<d4 444 £47|(608 -9 -1-608 -9 -N)2} 4^<H1H 4^^. 44447) (607 -6)4 4 A J4 444471(6 
08 -10)21 -444.2.44 ^$t\ir N7H21 444 444 £4^5)3.(608 -11 -1-608 -11 -N)2k 4*11 N^S] 4 

44 444 ^.44^5)3.(608 -11 -1-608 -11 -N)°141 44 4 x d4 444 444^4 4^aH] oi^a^ ^444 
s 544 444 444^4^3 4^^1 f 44* S S44 444 444 43*] ^4 5|^( 60 8 -12)4, 4*11 444 
444 £443*1 3J44 5)3(608 -I2)°fl^i ^444 444 444^4 44*HI ^^n*] 444 444£4* 

4344N71J21 444 444.2-4 £13513(608 -13 -1-608 -13 -N)2k N7H°1 Jtdf 4el°fl447l (608 -14 -1~ 
608 -14 -N)4 eM^^ 4 A S7l(608 -15)2f ^ 444 444-2.4 a.3s|3(608 -13 -1-608 -13 -N)2l 
°\] cflsiiA^i MIM0 *))^<>l 4444-H1 tfl4 9^44 <^44 ^4^5.4 44 ^^4 4^^^. ^ 7 ^}^ 4^ 7^421(608 - 
16)2K ol 4 A *1 ?J14ei(608 -16)21 4^4 hJe ojo)| 4^4^ N 7fl2l 4^71(608 -17 -1-608 -17 -N)3 4^^^ 
9/4. 
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£°l 4 0FDM4i #*a|±^<HH£ OFDM4i *44*1(607H *44 444#7l(607 -6)<H| 2)s)l 

>H 34 *44 444 £471(607 -5 -1~607 -5 -N)<H| £4=1 ^4 444i* *-g"4534 4 *44tfl4(607 
-7 -1-607 -7 -N)34e1 4114 444 444i4 *t!44. £4, OFDM-Mi 444*1 (608) 4^41 4#4 ^4 
t^!7l(608 -10)o\) SHHl*\ >^.g. <£3g-7l(608 .9 -1-608 -9 -N)°fl 01*141 **€ 44 444£i- 4 

^-sUl $)533 4 4 A 14«M)4(608 -8 -1-608 -8 -N)4 4 *#4*fl4(607 -7 -1-607 -7 -N)34<M2| 4i4 



4, 4#4 444 (608 -9 -1~608 -9 -N)°)| 2]S)H aflol^.jHH 4i3 £4€ 444ixr *44 ^444 

7) (607 -6)2f 444 444#7) (608 -10)2) ^44<HI 2-*}?} £*H4 34 °fl °l 2J44 444. °H 44 OFDM4 
i *#4*l(607) 1i 0FDM-H21 444*1 (608H 44 43€ 44447|2) 4445.4-H] 2]?J 441- 3)47] 
$1*11. OFDM-ili 4444(608)2] 4*4 444 5.44^513(608 -11 -1-608 -11 -N)*Hl A 1 °H 434 4H3 
-ilif- 445K4 «H1 4*4 444-2-4* ^1sU, °l °l**IH t-flo|E| gJM £#£]£. ££4 ^ 

445.44 4*4 4445.4 a. 5) a (608 -13 -l~608 -13 -N)«W 3^44. °142| *JeM oje><^ oj. E flu| ?q$. 
44 4*4 44*2] 5.4* #°H 4 A J 14* 3*1144. 



°H c-l *H , £ 26<H| *1|*144 OFDM-ilJL 444*1(608)4 4*4 444 5.44^513.(608 -11 -1-608 -11 -N) 
3 3*SM N 7)1 f- 2] 4*4 3443*12] 3g5*H- £44jI, «1 ^44 34 4*4 ^4^5,*]. J2.33j3.( 

608 -13 -1-608 -13 -N)<H| 4344 4*4 444 3443*1 3 J^4 513.(608 -12)* 7144. £ 
34 4314 t)14« 4*4 444 3443*14 ^445.3*1, ^E]2fl£ s)l°l^ ^ °d44*ll 71444 4 

*4 444 5443*12) 34t * 514. E£4, 34 43)4 *HHW 4114 4*4 44434 33*11- °1 
4453*1 4#44 4*4 444347} 43)4 **?HH *°J4^I 333 4314 t)|-§-?J2) 3W±",HH 4i2] % 
3 4444 f-°J4^| sl<H ^144*3 -5-1 1* ^ D J£» 44^1 ? J * S14. 



4*<H), 4^1 4-y-Hl 21 *V 0FDM451 5l<H^2l OFDM4S *44*1(608) ^ c] 4^14^1 

44. N7l|2l *44tfl4(608 -8 -1-608 -8 -N)°fl si^H^i *4€ 4i^r ^4°)1 ^44 444 444471(608 -l 
0)<HH 4*4 ^4*71- Afl^tl^ ^sj.- ^^71(608 -9 -1-608 -9 -NH 2l3flAi HfloiA-igc aj^ ^^-s} 

4. neln H||o|±«fflH 4i 4 4 < y34£ 4^71 (607 -1 -1-607 -1 -N)<H1 2l5flA^ ajaj^ ^4 ^4* 54^^ 
4 4^^43:21 *A}Ai^s. o|^.5iiA^ 5.44^513(608 -11 -1-608 -11 -N)^l^ 4*4 44*5 

47) 4^4. ^^14 4*4 ^44 -2.44^^1 3 J^4 5)3(608 -12)<H|-H n ^1*21 4^^121 $a^7} <*°]x]jl 
2.4 4*4 4445-4 3^515.(608 -13 -1-608 -13 -N)<H| ZL 43^4. 



mjol^aijc Ai^ofl cflsllA^ ^4 ^4^4 a.Ajj]^ (608 . 13 ^-eog -13 -N)ofl 2)«fl4 4*4 4445.421 3 
^sfl^l 4, jl* 4 2] 'HI'S 471 (608 -14 -1-608 -14 -N)<HM i*^^^ £4^1^ 4 A J ^*2^ (608 -16)H °J 
3€4. L>ti ^H*e1(608 -16)<H]44N7ll2] *44e1144 N7H2] 444^43 4 A js]4 MIMO =2] #4442] 
21444 41134s: 4 A 57l(607 -l -1-607 -l -N)<H1 «M 4^4 4U34J121 *aj ^0]^^= a] 

it °]*«fl^ n] 4^*1-4. d|oiEl# ^444 N 7)1*21 mo)i^e= a\5L7\ <y^s)4. #47)142) ^442) 444 
°J34i°)l c«*n-H ^45.3^1 444E114 Tfl-f-44 44sH *44i A ^44 4&144. 4^ ?14£l(608 -16) 

°)1 2]*|) *##i ^444 4el€ «)1 C '1±:'!HH #i^r 4271(608 -17 -1~608 -17 -NH 2|*IH cHIoIeIS. 42:44. 



°i7lA^ x|3. 4 oj-Efluj. ?ilf-LH4-l 7H«g2j53 4*4 4445421 44 334 *S4 344 jie!*)) 37ls. 44. 4 
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^ 3143(608 -16H-M 2j<H34 34442] 2^44 444 444, 4443:71- £4 4U4 444 -^445 «fl 
oj^uflc a) 44<£14 44 ^J-i- 4*)l3 *IH ^sfl44. H, 0FDM45: 444*1 (607)2]- 0FDM43: 444 
*1 (608)<>Mfe 4*1 £r 4314 Tflf-H-H 444 £44 5^.^71 (607 -6) SE^r 444 ^-"Ht^l (608 -10)4 
58 4 4*114 7)|f-2l 444 444.0.44 §-<ys> fto) $ 2o)4. 34, 0FDM45: 343^ 

■HH21 14434 *ti^2] 4eH± 44°-3 si* <8 9.2.3. °J^W 4 4314 3142) 44 aiMiiSHE 43: 

°1] 4444 444 444£47 r ^444. 0)4 444 44443 (607 _ 6)S i -a)^. 44447] (608 -10)4 54 

4314 7flf-°lH 4f--£-5 4 34<H|E 444H Z| T^l-f-2] 444 4447 r 44*14 34 1-7^ 44442] 

43 73 D J 4^ 7J42| 3U£7 r <|H3 4^3 3711 44^4. 



«H 44, 4<3 °-5 4 43°HI44 444 4443.42] ^^i- 54 ov E flu). t)|-§-°113 44 ^Sl 443* 44.° 
3. 444b 3 °.5 5li, 4°fl 4£o]4 sflolcj 440]) 34 ovefluf 7l|4443 4443 «Mt &«« 

4 4*H1 N a $33 43*413 Jl4<H| Slsfl 444 444.2.43 4*33 4*fl3 34£E 44332. 443, 
34443 344 444 34 d °l7fl 4 5U4. 



44°fl £ 26-H1 5.34 444. 444 .2.443515(608 -11 -1-608 -11 -N) 3 444 t4t 54433 ^44 
515.(608 -12)21 -?*|]3 0 J -7-34 4344. £ 27a4 34 353 4 1 43 «flt £4*1 4450)4. 5 26 4 E 2 
7a2) cflaH| o)^ ^^j. ^1 7^3 £ 2 6<H134 33)4 43 3*1)3 444 444 54435)5(608 -11 -1-608 
-11 -N) "A 444 444 54433 W4 5)3.(608 -11 -1-608 -11 -N) 4 444 444 5443 ^44 5) 
3(608 -12)» 45 4455 4^)3.^ £ 27a°ll £^4 44 40) 0)44 <5j^) 7f ^o] -^^i\o] 014 

014^7^ £ 27a°ti £a)4 ^.4^- 4^4 ^4^ -2.4^3 s|^4 S]S.(656)3 44. 



4^4 ^4^ -2.4^^ 3J44 5)3(656)4 4^1 N7l]2] ^a]4 ^4^ 447) (608 -9 -1-608 -9 -N)2) t^(N) 
444 44sH ^5)4 4 < a$} A i3l2] ^7H) 4#5Hr 18 f T n J-4 ^l^^l?l4 ^145)5.(656 -1 -1-656 -1 -N) 
2k 4*1) ^14515.(656 -1 -1-656 -1 -N)2] 4^ 4^3.^4 44 tJ1444 44:4"* 5]5(656 -2 -1-656 -2 -N) 
2]-, 471 N7))2) 444 444 4«-7l(608 -9 -1-608 -9 -N)2] 4^4 44i^^ 5)5(656 -2 -1-656 -2 -N)2) 
t^4 44 ^Sl-il, 4^1 4?»- (autocorrelation) ^14 ^)44fe 4^*^71 (656 -3 -1-656 -3 -N)4 ^*ll 
^7|S] 4s)o,) cflsHA^ 4xfl£l <yeH|Ai 44514^21 47HI 4^1-4 ^4 4#42| 41- #l^rr ^4515(656 -4 - 
1-656 -4 -N)4, 4*11 5)5(656 -4 -1~656 -4 -N)2) #sj ^4^14 ?1I444 ^45)- 5)5(656 -5)4, 4*11 
3 j44 5)5(656 -5)2) 4 34 4£=r2) ^aj-o. ^aj.^ ^ * (i£E«)S)5 (656 -6)4, ^^^5)5(656 -6) 

21 4^4 34 sFH^^^ai -7)^1 4444 ahs - s 44^ 1 ^4 ^44 ^4 4444 t))44^ ^) A J- 

71 (656 -7)4 444. 



°J43i>5 444 44^42) 4^4 ^4°11 44^1 °5 4^3^ 4-11^^^21 47)44-1: 744. ^Mf- 
T5 42 44^14 5ka^4J:» r p (k) (l <k<2K)5 44. 4, K4 4435.5 4434 4°^5J45i2l 47HI 44 
44 ^5^i 47I ^421 4^7^ 443^5 44^14. 444 ^4^ri4» JfS. 4n 444 0 i ^^£14 4°J 
5JAijis) a«4 aho)) 4^4 147) 4, 4 K ^44 ^-^4 271)2) ^4 ^ r p(k) r p(k+K H c])5))4 neiefl 44. 4-g- 

r! 3l|o)c,o) oj^o| 40.4 r p (k+K)^r 443^-5 4^£)rr 4 0 d5J4^2) 434 K i»44 5J<H1^ r p (k)4 ^l^^Ai, 
r p (k+K)=r p (k) • exp(2!tJf ■ KT) 

7f €4. 0FDM4S 444^1 7f k=K + i, K+2, -, 2K3 A 14°fl 4° £ !5l A Jsl- 4^42 44 ^°\), 4^42 4 
4 4£4 K ^4 3<?137J 4^21 44^4^4 4^^43 (656 -3 -1-656 -3 -N)7 r 44 443<HI 444 t)14€4. 

r p (k+K)=r- p (k) • (r p (k) exp(2 n /If KT) ■ [r p *(k)] 
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= R 2 • exp(2xJf- KT) 

444, r£- rp ( k ) 3] r p (k+K)2l 4^44. °l 44 142) 4^* £144 <3 3 3 3 3. (656 -6)<14 7i|44.°3.*) 4 
4 (KT) 2] 4*4 ^si-^i^oJI 7l<y44 ?|a 0 v 4 0 k =2x4f ■ KT» 434 * 44. 4*114 $14 4*44 

*H44(656 -7)<H14 44^4512) ^7)o)| Aj-cJ-sHr 1§#3 *(K)3. *H4£]jI 1 43 34 4*4 J 6 =J d 

k /KS. 4444. 4 &-§- 4**114 4*4 ^rS^iL*}- iL3S]3(608 -13 -1-608 -13 -NH4fe- 7|^o| 5)^ a»s 
k ^1 444 Si 3*^§- -kZ/ 5 sl44^]51.£*1 4*4 ^4^j>.*).ofl 7|°]SRr 34 4*4 il*c!44. 



44<H1 4*4 £443 3 J^4 33(656)2) *44 £4 4^)4 4<3*!:4. 44, 2.* 4^4 31*<H)4 

£)* 4H3J4J1-I- 4434JL2) ^7141" 4<3sl5(656 -1 -1-656 -1 -N)44 44444. 44343:21 ^7H1 
444* ^1 44 K, ^7l# T5. 44, 444?^ a)7J-£ KTS. €4. 4444 Aljroj m!%<x 

4)5.(656 -2 -1-656 -2 -N)°l)4 ^I^sI-il 431 <y^£l<H 4^*471(656 -3 -1-656 -3 -N) <H] A ] * 

44il34 4434^21 47l444# t*|444. 4^3* 4444*1* 4#(KT) ^0]^) ££4 -2).- 43£4<>ti 

2144 3*4* 34 4444 j£44* *47l- €4. 44444* 44343:21 ^44 £^<y gf- ^ 
K ^f-<H| 14* 44 3433.(656 -4 -1-656 -4 -N)°)l*| t1]aJ-*!-4. 



444, £ 27aS)- 4=4 4*B4 444442) ta4 1^*3 42) 34 4*44 43)4 7l|*44 3)44:2. 43)4 
31*44 7)143 £5 hv*4 -£4iL34 *S4* 4£ S3)4 -"r 44. n44 4 4t)4 4*44, 4414 31* 
44 4* 4*44 *432| »l|ong °J444 *4444 44*21 ° 0 H* f-ofl 2144 4*14 31*44 *3£)* 4* 
4 =r4*«£4^347l- 4s. 4* 4* 431 44. OFDM 43-HI4* 4 a ?De144i!. 44* 4*2) *jcfl<* 
433 44*114 #^14^, OFDMAjs: ^a]^-a1<h1a^ 2 ^ = e)oi| oi^-gflA^ a] w^o]u\z\ Ai^f. ^-e]s]-ci-. n 
el 4sfl4 Til-i-44 4^4 a1 ^^44 4^.4^ 4€r 4*4 ^4=r ^4^ x j ^2) <L>Efl444 mi°l^«JlH 4s: 
4 4^ ^4*^44 4= 4^ 4°1 44. ^l^ 4 u^eHs] ^4*4 4Efl4 Tll-i-44 4= 4^ 54 f- 
7V°14 aU-g-ofl :?^HHo, ^44* ^44 4 « ?fleH44 4^ a.421 Aj D j £ ^s. <^H^ f-4 #4°1 
4444. 



^e)M, 4-4 A Hl^ 4*4 ^4* ^44^§ W4 si5(656)°flAi^ <y-tfl4 ^lf- 44 3|4£lfe- N7fl2l ^aj- 
4^121 4# 3 J^4 ^13.(656 -5)«H|a-1 Jg^^sm, 5j^44 471AJ-^121 45(656 -6)ofl 21*141 ^ 

4n, °1"^4# ^14/1(656 -7)^1 2]siM 44^ 4±2l ^7l7j- e]^ ^f- -t(K)5 ^1144^ l^f- 444 4*4 

^44^-45 44 ^14 4*44 ^-y-^j/, o] 5^^. N7 flo] ^4 ^^^} t±^s]5_(Q08 -13 -1-608 -13 -N) 

£*°fl »^44. ^^4 4*4 4471 i^4 7 j-*lr N Tilf- 471aJ-2V^s1 t ^4^1°! °3 4*4 -^4* 5.4^^8 
"H142) ^4*2) a 0 vc)) ^a^-i- i/n^ * 44. N « s«a|o| cHuHe} A4°il 2ls)-<H 3l|ol^^5 44 4 
Jl 4^2] 44Ajofl cflev >-i]Aj £ §av^ 7 | uflo.^] uv^ti). ^5|.^ 5.^^^] i^f- a o v 7) «v^ii4 ^t\\ <**\]% ^ 3X 
4. £4 *e)i-f el a^£)d) 47^1 ^Aj € aj-^s). -^^^i-sf ^Ajsj. «v^ 5f ^3^£4# 3 J4444 4*4 

^4*^.4^1 444 47J^ Hj-^o) 4o)UlAlE)f- ^£ cVcjs] 7^31-4. 



''KoHl 2ls|) Jl*^elo)| £ |_V;£|5.(608 -14 -1-608 -14 -N)^l i4 cf a]^ a^oH oJa^sHxIil a] 

S7f cl *§n*}7\] -^e]<H| 4444. S4, n^^el'Hl -^s) aj^s. a^ u fflaj^pl-cf ^<i)-%'-^2l <S44 « 

5)1x1^14 4 ^ H ? fle]<H7)- ^4^t 3 0.5. 4s 471 afl-s-oii 34 %v^ S | o)*v^ ^xjA ^4 ^ 
4tI1 4 * 4 il4 4 4 S ?B£)^2l ?ji^sl ^ 5J4. 



444 44 £ 27a°1l4^ 4*4 ^r4* 514^^4 ^4* £*°114 4e114 31*44 31avs1^ «t4^i-°-3 *4£l* 
4 0 d^45:2) 444444 aj^-xit 4444 ^°fl 4*4 ^4*5.4°11 4<J144 *14 4*44 ^4s. N71121 4* 
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4 ^44£4 Ji3s|34] 444 4-3434 t34£5*l -aeisfli swig ^ <a444l 4444 444 £ 

443*)2) £4t 3*1]44 444), £4 7))4414 444 4*4 r4ri^ £3*)t 0 |-§-^-£3*l 444 -r44£ 
4 Ji^S *2] 4«H) 3.43 444 4 7)1 4i. 4*14 7)1442) moliSHH 3Jl2l 43 4444 44 

4 5«i *H 34442) ^t-t 34£-l t^^U 444 44-f£*)4 4*114 342) 43 144 3*ll*Kn. 51 
4. 



4441, £ 2641 £44 444 444 £443 SIS. (608 -11 -1~608 -11 -N) 4 444 444 £44"34 3^4 
5]3(608 -12)2^ a||2 43414) cflslH £ 27b4 #£«1M 3.344. £ 27b4| £34 444 444 £44-3 344 
sl3(657)£r £ 27a2| £ 27a-Hl^^ 3442| 4*1)414 3444 °J4 3°)) cflsH £ 27b4l4 

4 4^4 4^1413 344* 43 $]AJ- £ 0.3. ^744 34 4* o ) o_ s 44 -?*fl3A3.4 £ 27a4| £34 * 

3333.(656 -6) $ *)147](656 -7) t)144] 4^14 7)|4442) 3335)5.(656 -1-656 -N) 3j *il47l(657 -1~ 
657 -N)« 4£4:n 44. ZLe]jL, 333513.(656 -1) 4 7)147] (657 -1)4 345)5(656 -4 -1)4 W4 SlS( 
656 -5) 4°141 «1)*14jI, "333513.(656 -2~656 -N) U A *I47"1 (657 -2-657 -N)2) *fS4) cfl*ll4£-4-47l-3 
5. 345)5(656 -4 -2-656 -4 -N)4 3^-5) 413.(656 -5) 4341 «fl*lSKEL $14. JEU, £ 27b4| £34 4*4 
444 £44-3 344 513.(657)21 444 3335)3.4] 21*V 4^44 34 7)|4 $ *||47|41 Si* ^#3 4(K) 
32) 7)143 S|5(656 -5)41 21* 345)41 433 s 5*ll34 34 2)4:2 £ 27a4l £34 4*4 444 £ 

443 3^4 5)3(656)21 1-2J-4 444334. 



444], 4*4 f^t-t £44-3513(608 -11 -1-608 -11 -N) 4 4*4 t4t £*)4"3*1 3^4 513(608 -12) 
21 m 43 4141 tflsiH £ 284 #a«H 4344. 4 £441 £4* 4*4 ^4* £443 344 515.(658)2) 
£ 27aS)2l 4434 34515.(656 -4 -1-656 -4 -N)2) 434 4^*21 7)7144*1 44* 4444 44 44s] 
3.(657 -5 -1-657 -5 -N)4 4*1] 4^ ^3:513.(657 -5 -1-657 -5 -N)2) «>1-§-^a^ a o v 7 ] ^jH-sj^^ ^ 

3 °fl 4f^§- ^^1-fe- 7V^5l£(657 -8 -1-657 -8 -N)7) ^S. ^7\^ 5Urr % S ^52}- 513.(656 -5)7> 7>#SlS. 
(657 -6 -1-657 -6 -N)2J £3 ^^4* 7)13:4^ 5*14. 



4*41. ^4-r £443 ^S^si- 5)3.(658)21 A ^^*4. 21si)a^ 4713-4*121 *-§- ^}t}^ 

•H144fe £ 27a°11 £4€ 4*4 t4t £443 S J^4 5)3.(656)4 -S-H44. 



£ 27a2| 7-3<H14^r 3^-513.(656 -4 -1-656 -1 -N)2l #^ 3g^^ ij^gj. 5)5.( 65 6 -5)<HH ^4i S144, ¥ 

«!I4 N7H21 4713-4421 3-#°l4 5114321 <34£3 °J4 0 1 43 4€- 51* 3M1 44. 4*1, 4Efl4 Tllf-44 
5114^ 43°1 37)| 4t 34, o. 4°1^ ?13fe 4£3 3 V 344. 4713-4*12] *4 4-S- 34, a 4713-4^)21 * 
4 4^ t)| ?1^h)7)- 44 3£3. i5)444. 4^1)3 47)44*12) *o) a. ^ °. a 47134^)21 4± cfl 
44 4 3 «1 7) s 3 ££ ^344. 444, 47144*1 2] 34°1 44 4£* 7)444 7)4 ^42) 4± cfl 44 33 
«]tt 44°1 4cfl3£3 ^ 7)7)3-4*1 42| til cfl 44 3^«li4 4444. 32114, £ 28°)I44 4444 44°fl 
^1 443£3. 44s)i 4^ *4ll 43 4 0 1h13&121 4^4 7))44 44 4444. 



N7))2l 4tfl4 Tflf-^l 34^14 4421 5)3o)H 21 °J44 43°1 4e1I4 t)|444 4444. N?H2l 7)7)4442| 441 
£4s)rr 44421 43£ ^13 4444i ^8444. 3^4, N7H2I 7)7|44x|o) 4 440) ^a^. ^a. ^^4.5) 
3(657 -5 -1-657 -1 -N)<HH -?4ji, o) ^4 o)j%-^a] 7)4515.(657 -6 -1-657 -6 -N)4) 2)5)) N7))2l 7)7144 
*H1 7)44 ^4 -^41 5|5.(656 -5)41 s) 3-^444. 4444*121 4 444 442| ^41 £4434. 
cfl*l)3£3 4713-4*12) 45: cfl 44 ^ejuHi hH)e!4. 44a^ x> 7 iav4*|o) 4 ^s]^^ t$ t} ^ 
34 4444*14) cfls))4 4421 £44 £44 4tflo| 43 4443Elt ^44 344 32) 47)7) 44. 4 «H4 
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<H|, £ 27a4 £4 4*4 47)44*121 44 3 34444 cfl «fl 44 43<H1 tfl«H £4 3344 £°£]<H 

4*4 *4* £4^3 3 d J£# 4* 44*1*1 * sa^-. 



<>14 7^o| £ 2 8°1)44 4*14 711*44 7l|4sq4 443 ££ *434 443!4:§'2l 47144*1 3|g.A|f- 38^^71 
^<H1 4*4 44* £4^333. m-^S] 4?144*1 4 4714443 44<i H|e}]4 7J-4* *>)4:n. 44 jg^si. 

-f 4*14lL 44. °HI 44, 43)4 7)1*44 37l7|- Cfl- 47144*1 2| AIS] £ (4?144 4 4S]£H 5-7-14 

3 J44f- *34£ 44°1 44 47l44*]2l 44 3 J444££*1 43 ^44 4?)444 4s|£2) cfl^t 

jiejt * €4. aeiHS. 47144*12] ^4* #|t 3*2r uUsih 34.C7)- ^ £4 4*4 444 £4^3 
# * °J.7\) sH £#421 444 444 * 5U4. 



°14 4*114 4^4 42}- 4°1 0FDM4J: *44*1 (607)<HH4 4*4 44* £4^3* 44t1|* +*j 

-I- 4° E )5J43:. tHlolEiAliS) OFDM-ilJL?!- 44£l££ 0FDM4J: *44*1 (608) °\}*\ *14<i 4*4 44* 

£4^34 4°J343:-I- 4*4 *4*£4t *344. 443££ **jslrr 4°,!5!^s2l 44 

4^«H| cllsflA^ 4*4^ OFDM 31-21 344* fsfb £4* OFDM 342) £4 ^f-3-H) tflslH q}*^ j_ jg^A] 
» B ) *y$3\ ^44^4.3. ~t§*}± ^o] 44(4:n.44 : 5-*]^v} e t al. " OFDM* 44* ^ 3-M-4°13 *7) 4 
3" 343£*445l 7]^iLJL(RCS98 -21, 1998 -04)). 



4*114 4*4 r4ri^c 4*4*4*£4 43*1 f 54 s|£(608 -1 -2)£ <y33£ N Tfl-f-2] =^3*12) ^#*| 
7 r 7)1434 N7fl2] 4*4 444.2.4 Ji33£(608 -13 -1~608 -13 -N) £*<Hl ^5*l7> °J ej^H ^4 i^a) 

i^i 4*4 ^4^3.471- £^£4. 354^ 4*4 ^4* £4^3*14 N 7fl*2] ^*Mh£ 344* *S43 
4*4 ^4* i4^^^14 ^^i] o|*v cg % t^- i/ N o. s * 5J4. 



£E4, 4*4 i4^ ; 8 <: i|^2] n a. ^1^12] 4°1»He) a4°fl 2]4^ sllo)^^ s]4 ^s. Ir^-^^l cfl4 
44s) 7| afl-g-ofl -4^ 5.4^^ *1 A*H- 4^-^44 4^i4 4^1 4*1)4 * €4. £4, 0 l#ol1 
^! 4 ^r4-r^42f *A4 ^^4 4*4 ^4*^4* ^544fe ^14^ 443 4°|bMe)» t *£ 44. 44*1 , 
s^rfeli ^441^(608 -14 -1-608 -14 -N)°fl °J4slTr <4j:2] ^-4^4 4S7]- ^44t)1 ^el<H] 44 

€4. 24, 4 -M*HHH4 i*-f ejofl 44 ^2] 4^4 ^ «.?Hel^44 ^144*2] ^4* 44<>1 *3*M*I4 4 
Ai« ?fle]^o| ^44 -^4*t *°J4 4s £44*2] *4* ci ^44t1| * ^J^l £]<H 

4 ^M?fleH2l 7j->a ^^s. sv - E) CK 



£ 26<H| £a| 4 0FDM<-Jst ^)-§-4 ^4^12) 7l|47l 7-lf-Efl <: '14 c i) 2|4 ^ A ^7}% s. 29<H| £^44. A)^- 2 flo|^ 
*fl€4 £ 30°ll £^1S1^ 44. 4*4 -r4* £4^*121 5g54» ^4^ 4 4 A H1S1 aim "H|e-i-i-(PER: Packet 
Error Rate) 4^4 4*4 44* £4^ X ^I4 4 4*14 7)14 7H«iS °|*4fe ^4 434 34°11 «J*H^ 5dB 3 

£2] 4^711aj ^471- °i44 4 * 44. 

4 4*HM*1rr MIM0 *fl^4 °l-g-4 0FDM45i ^*7.|^.EflcH]Ai, oj. E fl U f 7)|*44 4*4 44*£4» 4e1|4 t)| 
444 -7*H4 4*4 44* £4^3 *l* ^544££^l 4*4 ^4*£42) 34£# 44*1 ^ * 4£°1, 24, 
4314 Tll-f-421 4*4 44*21 4°l# 4<S * 5i4. °1 14, 4*4 44* £4^3 -^2) 4 A J m 444 44 
4*21 ^4* 43 3 D ^£4 44*1 ? e! * 4t11 £H if-^i f-A)^. aj^ a) ^ a ^4^ 34. 

(^116 ^J^Hl) 

4 -^Htt 4°H*|e1 43^11 213UA-1 f-^^. %tA 0 VA|^ OFDM 4 i ^*4± E 5°)4. 
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A o v ^t!- *fli3 * H ^HHH^r €#eis) £e|*M #71 i-^^s) ai^ cH #-g- ^^u|£) jg^eH alefltv 
(°»7Hfe *!53iL Til^efji t)« ^«-«LS«i| T-tl A l2) ?J^^i# "ll^sU «4. °l £*H 2)*H «U 

i> ^ $i°4 iei-i- 7iiAi€4. a*. ?i4^5L a-g *h#2W a-a ? j*-§- # us.** ^ a j-*i- 

fc- #¥A\^r m^i: #)^*Kr 43 °W 44°ltM# o)^-^ #)so] 7^*1-°^ a] *j ^4! *13l2\ Aijr cfl 

tf* #3 "If- -7t 1A7> Si4^r ojAjo] 0,4. 



0 l*MHfe. ^13 ^ 4]14 -*UH*1H3 MIMO °)-§-*l OFDM^JS ^S^l^H 3X°]^ 4°1*H A ] 

El t^* 3-f» :E% v tl4. OFDM-tii^^HW 4°ltH A l&l 3-f , ofl^tfl, °J^-^ ^.^^7fl 20 

00 -332723JL 3-J5L*ll 7flA|E)<^ « 0 v^^- o| -§.«).£. ?}o| nsj^cj-. a o v 7 ] ^-j^W^ 0FDMa]J: ^<i!#*l«H a-] a 

7flSH44 4 « Sfi*l2] Aljr^. Sj-Ajs, AjJ^eJtfl AV.fi. xlBjHlf. #^5H ,34 ^21 ^71 Z]" U ^i<l o| A)^oj| 7^ 

(^7|a^ Tfl^l- 4°lnlAlE|^)^eU £<1 ^cflH) t A 3(«r, 4^2] *M4S.¥ N*! ^ 

AJAIS^A^ j|Aj.O) Al^a- o]g|) Al ^AlAl^O] AljT cfl $£V] 7 \ % Cfl 7f £] £^ ^AlAj^f. 7^*fl<M *VAj jj.fc ^J) 



AJ-7) ^a.ol|A-l 7HAl^ 4)cflU) Aj-^SJ ^13 £^ A)) 14 AjA|oj]c»1| Ojo^ ^|A)^1 OFDMA)jL*d# "S^* 

4"?i, OFDMAls ^l^A|^6fls] -^Aj o. £ 31<H j ca1$ ^-cf. 



£ 31°)1 £a|5>^. OFDMA131 ^^a] a^ea °. 0 FDMa13i ^a)^| ( 7 oi)4 OFDMAji =r-il3-*l (702)3. 7^4. II 
£U. ^1?4^12| AjAHlsl-^^HSOFDMAiJi. ^a)^)( 701)o1 1^ cflc,)E-l )fi^7|, 4°^^^ t A a^r^, 
AS. ■ai-^l'S ^71, ^4^r •S«:7l, ^Al^ ^^7) f-o| B^Sjc^ oj^ 0 FDMaJ± (702) 

ofl^r ^-g- -^4^r «ft7l. ^Al^. -^^ 7) e]-o] Do 1a1^ ^A^) =o| u)-^s]o1 ftx]^ 5= 31»Mfe "7 A ^4i 

2) £A)t AjSf«|.Jl OJ4. 



OFDMAJJ: ^Al^.x|(70l)fe- ^«y*!r 0FDMAJS7> <y^S]fe- N7fl(N€r 2 ^lAo'-Sl 3^)2) ^ (701 -1 
-1-701 -1 -N)2lN7ti°l ^444(701 -1-701 -2 -N)3. 7 A J€4. 



tt^.OFDMAjs ^A]^.x|(702)Tf N7fl°] ^^0^^(702 -1 -1-702 -1 -N)^, N7flS| JL^f ^el«H]^?l7l (702 -2 
-1-702 -2 -N)2K H^f -fe1 c Hl , fi«-7|(702 -2 -1-702 -2 -N)S) a^ u ^flej^Dj-c)-^ A]°AS. *\*L^ 

e1<H cfl°]ElA|^ ^71(702 -3)5K i^r ^ $ °fl ^ &7l (702 -2 -1-702 -2 -N)2] ^^oflA^ a^ o.?)) e]<H44 ^^Til 
^ 8 S1# 7i|Aj-s)-^ -HfLTfleH ^^^l^r ^*S1 ^Al7| (702 . 4)$ j. a]w^h]o) v\]o]b]^s. 7^71(702 -3)2] I7i] 
f-21 ft^4 Aia.7flejcH ^g-7^]^ ^<g^ °JAj-7l(702 -4)<H|Ai *|^.^ pflfi) ^% ^t}^ pflS] 

><-1«?flBl«H Tl-S €^e1(702 -5 -1-702 -5 -N)Sh ^i«7fl£lH ^t^l^ ojaj-71 (702 -4)«H|^ ^^7i| 

- o*q^o] o.io)]A^ 17 H^) cHs||a^ N 7H°1 Al^^iL Til ^2) *S4^ 171121 *!^3Ji7fl^ ^^71(702 -6 -1-7 

02 -6 -1)21- A-iu?H2l°l ?H#ei(702 -5 -1-702 -5 -N)2] t^A)^ ^rt^ ^^M.A^ ^^71 (702 -6 -1- 
702 -6 -I)«H|-H #1^^ ?!^$a. Tfl^-f *A|.5).i=. Nxl7 |)o) xia^a.71]^ *AJ:7l(702 -7 -1 -1-702 -7 -1 -N, 70 
2 -7 -2-702 -2 -N, -, 702 -7 -I -1-702 -7 -I -N)2]-, JM^ ^^1(702 -7 -1 -1-702 -7 -1 -N, 70 

2 -7 -2-702 -2 -N. -. 702 -7 -I -1-702 -7 -I -N)2l #§HH N a^A|S] SJcflH) ^-^ 4°1 <H A l E] t I 
71)21 2lcfla| *»-^ 7] (702 -8 -1-702 -8 -I)2f ^cfl«l th^7|(702 -8 -1-702 -8 -1)2) Aif-Dj-cfs] 7j|<§3. ^ 

€-«ll A 1 1 Tflf-2] OFDMAl^t %^t}^ ^e||o|e] «a^7)(702 -9)5. -? A j?i4. 



^l^^JiTll^ ^aV7|( 702 .7 . t .1-702 -7 -1 -N, 702 -7 -2 -1-702 -7 -2 -N, 702 -7 -1 -1-702 -7 -I -N) 
21 A 0 Mlt £ 32 <H) 44^4. 
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£4, £ 31°)| £*144 ^7|(702 -8 -K(l<K<I))^r £ 33°fl S^lE)^ 4*1- 4°1 4^3ti.7)]4 447) (7 

02 -7 -K -1-702 -7 -K -N)2) 43422] 4£ tfl 44 #3 "It <?!444 £44 A <537l(702 -8 -K -1 -1-702 
-8 -K -1 -N)2K 3E@H! ^^71(702 -8 -K -1 -1 -702 -8 -K -1 -N) 43*121 44 4444 7)47l (702 -8 -K - 
2)SK £44 ^^7|(702 -8 -K -1 -1-702 -8 -K -1 -N)2j 43*1* sM43. 4H 7H+7) (702 -8 -K -2)2] 
*]f- ^4*5. sH 44»HEl7fl4* 4444 *))47|(702 -8 -K -3 -1~702 -8 -K -3 -N)4, 4^3^14 4471 
(702 -7 -K -1-702 -7 -K -N)S) #343:2) 34 4|B]f. ^4^ 3 471(702 -8 -K -4 -1-702 -8 -K -4 -N)2)-, 
3471(702 -8 -K -4 -1-702 -8 -K -4 -N))2] 434221- *l|47l (702 -8 -K -3 -1-702 -8 -K -3 -N)2) 43*) 
21 #44 <$44 4 0 lt»lAjE|7)|4 4471 (702 -8 -K -5 -1~702 -8 -K -5 -N)4, 4°1 »H A J 4 7)1 4 #471(702 -8 - 
K -5 -1-702 -8 -K -5 -N) 43*12| *}■■§. 4444 7J-471 (702 -8 -K -6)5. 4^44. 



4714 £4°fl 4^*14 2.4 N7HS1 cfloiEiAi^s. ^Aism, 4 » «*l *1 «7flel<H (i)(i<i<i)4 

421 #444314 24°1| H144rr 347)144 ^t£S 44 NXN2) ^1(=>1^# 34t))4 ^1^1411 4)(S')2l 
Si'SliUS 1 ) - 1 )(°134 34t)14 4«l°14al §-)-§- 4 «7llelol 34t)14 4471 (702 -4)<i 2l«fl^i t)|44 

H. Ai«?fleH 4 A *I €#ei(702 -5 -i)4 444N ^-g-2] dMEl4;84Msi a^ u ? fle)<H (i)°fl H14 ^4°11 «H§«y(( 
S') •' )4 #44°-£.*l 4s 4 A J# #a]£ ci]o|ElAis» 4^144. £4, 4 e)1°1e14s21, °)|f- f-<H 42 

cfl 44 33h12) ^44*11 013114 443-S- 7)144 343iL7)|4 4471(702 -6 -i)°fl4 t)144j1, 4.S4I4<H 4^ 
4$B)(702 -5 -i)2l £3|o| 4^>g>i 711=^1- 3^3iL7)14 #471(702 -7 -i -1-702 -7 -i -N)°H #44°-3.4 
44 34* 444<4 3143422] 444 4e)|2] 44442) 4*3. 4€44. ae)l<, slcflu) 4^71(702 -8 -1- 
702 -8 -I)°)H ^«7llel<H44N7ll2l u^^l #32) i)cflu| fl^fc i)c|)Bl ^3 J^l^r ai^. cflolEiAijr g 

471(702 -9)°)1 2)*))*) -o r ips av^^j, oi o r£ x^ofl ^TlslH 443 °fl«H$ 5 8*lH #4427} 4€44. 

Ol2l- *«1 444H3. N7fl U qfl^Sl S)c))Hl cfo|nlA]Ell- «g|t 4 Sll, °1 7l#4 °1443 0FDM4i ^ 

^Al^Eflo]] H ) Sfl A^ oflE^-i; SAj^ ^A o VA|^ ^ ^Cf. 

47121 ^4*1144 ^tflBl 4^4 -^H^l ^ *fl ^ ^ i44 ^8^711. 4^sfl^ 4i cfl 44 4^ai4f 
471 4^1 ff£7f H44. 

1^1, 4 4 A HH|Ai4 444 4°l 0FDM4£ ?14 A li E J4 4^4n Si 4. 4 4 A HH 2]4 0FDM4s ?i4 A li 
E i'2l £ 34 o]] £A|*vci-. a. 4A]ofloflA-jai ofdm4Jl 44a1^ e «4 £ 34°11 £A|sf^ 44 4o| ofdm4sl 4 
44^1 (703)4 0FDM4S =£44*1 (704)3. 4^44. 

0FDM4S #44*1 (703)4 0FDM4± #44*1(701)4 444t1I N7l)2| n4 "^eHl 444(703 -1 -1-703 - 
1 -N)2fN7H°| 444Efl4(703 -2 -1-703 -2 -N)S. 4^44. H^li. ^1^4^121 AjAlofls]. f-llsl-Tfl cflole144 

71. 4^5!4S 4 A 544. 444 44, -a*^-ol«S ^7], #ai^ ^-« r 4^i7l. 4^4 -444 4°1 44^14 
Si^ D J, £ 34»II44 °I4 4^3.^21 £A]f- ^^sj-ji 0.4. 



44, 0FDM4J: 4444(704)4 N7fl°l 444^14(707 -1 -1-704 -1 -N)$K N7Hai n4 4^1 "HI 4 471 (704 -2 
-1-704 -2 -N)4, 4^11 ^4 4 el H 4 471 (704 -2 -1-704 -2 -N)2) #34 4o.?H e)<H442] 711^0)1 ^^44 
Al«7lle1<H cflolEl -?Aj7l(704 -3)2K 4*11 S4 4eH1^47l(704 -2 -1-704 -2 -N)2) 43^5.4^1 £4 2:421 
4444Efl4 42I a^ a?HeH442] ^4t!14 *5^4 4 x j42, n ^14 7fl44rr Alj±7Hel<H ^4t)I4 4 
47|(704 -4)4, AiJ±7||eH cHI°41 4^71(704 -3)2| 1711421 a-] ?|) e) 4 347)14 4 A J-7l (704 -4) 

21 I7i]f-2l 43 #AV.|. ^5).^ pno] A^u ? fleH 4aj 7j}^e^( 70 4 -5 -1-704 -5 -1)4. A-l^HeM 34t)14 ^^ e d 
4471(704 -4)2) teMH 44 x ja 7)144 t)|444 I7|)2l 44^^.7)14 4471(704 -6 -1-704 -6 -1)21- pfls] 

Aiu ? ])e)ol 7^ ?Jlt2l(704 -5 -1-704 -5 -1)2] 4342 Tfltz). A}4^ii7)|4 4aJ:71(704 -6 -1-704 -6 -1)7} 
7)144 443 M. 7)144 #aJ.s|.^ NXI7112) 343^7)14 4471(704 -7 -1 -1-704 -7 -1 -N, 704 -7 -2 -1-704 
-7 -2 -N, 704 -7 -I -1-704 -7 -I -N)2K 443-^-7)14 4 47) (704 -6 -1-704 -6 -I)7f #)44 443-S. 7)14<H| 
4 Ji$*)442] 40] u] a) e) 7)1 44 <?144^ PH21 v\o]o\ a)e]t)|4 4471(704 -8 -1-704 -8 -1)4, 4 443iL7)l 



- 47 - 



£-7fls.^ m 20 02 -0079489 



t 4471 (704 -7 -1 -1-704 -7 -1 -N, 704 -7 -2 -1-704 -7 -2 -N, -, 704 -7 -I -1-704 -7 -I -N)2] #34 
so]] 7^3). ^ejs. s^sj-j, 7^4 ^e] 41 $] a ^Hcfo) Al^i cfoi^Ai^7i|-t °d A J:7](704 -8 -1-704 -8 
#)4£ t^W^l cHiH a )e)^]^I «1 ^1 Alt 4 A <34 *o4^r PflSl 4^7|(704 -9 -1-704 -9 -I) 

2). 4o|h]a1e1 4^7] (704 -9 -1-704 -9 -I)2l #34 ^4442) 7)l°i5. £44^ -SI- dHel ig£ ? 1 (704 -10)5. 
4 A <2€4. *|^4a)2] *M°1I4 4°J47]| 444 444 ^117], ^a}.§. ^^7), 4°l D o , 4J: ^7) 

5^14, £ 34<Hl^Tr ^A±21 A$444. 



a*!. £ 34<H1 £Al€ 4o|^A)El7j|^ <a^l-7l(704 -8 -K(1<K<I)^ £ 35^1 44^ 44 4°l 44 A 0 fi.7fl^ 44 
7) (704 -6 -K)2] H^x|n|-cl-2l #3*12] 244 444rr 24 447] (704 -8 -K -1 -1-704 -8 -K -1 -N) #3*12] 
44 <344fe 7KV7|(704 -8 -K -2)4 24 "8471(704 -8 -K -1 -1-704 -8 -K -1 -N)2) #3*14 4jI 
7\*b7\ (704 -8 -K -2)2] #3*14 *H43. *1H 4°)tHAjE]?l]^i- 4444 *1l47l (704 -8 -K -3 -1-704 -8 -K -3 
-N)S ^£4. 



4474)5. £ 34<H1 £Al£ c|.o1h1a1e1 4^71 (704 -9 -K(l<K<I))^r £ 35°)) 4eW4 44 t°l 3471 (704 -9 
-K -1 -1-704 -9 -K -1 -N)4 3471(704 -9 -K -1 -1-704 -9 -K -1 -N)4 #3*14 4°1 H a] Ej Til 4 "3471 ( 
704 -8 -K)2| u ^1442] #^^142] 444 *84fe 4 c 'liH A lEl7)|4 1 44 7l (704 -9 -K -2 -1-704 -9 -K -2 -N) 
4 4°liiHEl7fl^ ^V7l (704 -9 -K -2 -1-704 -9 -K -2 -N)£) #3 §-■§■ ^^4^r 7V471 (704 -9 -K -3)3. : ? 

^44. 



Alu.?l]&H(i)442| 44^431421 S^Hl tltft 34t1144 $&Sl3. 4fe-NXN2| ^KS')^ °n^l((S') )4 
Ai«7)lEH 34t))4 <3*§ S A ^^71(704 -4)«H1 SlsflA^ 714J-SVJ1, Aiu ? fle)<^ tJ-a] ^^£^(704 -5 -1-704 -5 -I)^r 
4^«- N -a 1-2) dM34:S:<H| «a«>H4 ^ « ? nei^ (i )o)] cfltl ((s') -' )-f 444^5.*) 4± 4^4 iL4«il 
a1 #A)£|i, cflolEiAi^s. g-^slcf. a. Aj A |oj]o) OFDMAJ5. 34 A |^iyM] SM4fe- °1 elHElAljir 0] ^3.3 

4 A Jsl£S. 4^4l3l7}- 44^SL* *\ J±?lleH 34t)14 "S^l (704 -4)2) lTflf-2] #3o)H #2- 

tH4* 34^Ji7ll^ 4471(704 -6 -1-704 -6 -IH^I 7jlA>*Vnf. jcsj. 4 A ^ a ? fl e) <H ofl flo^ 4 # 
3*1 2] ct-ol^AjEl fl^-fr * St}7] ^0^, ^ol^AlEl^ll^ <?! A J:7l(704 -8 -1-704 -8 -I)°W aj- 7 ) ^a^^]- o^aj. 
7|(704 -6 -1-704 -6 -1)2) *^ilS.4El 4^^^. 7)1^4 240)1 Hle)14 4°H a 41t1141- ^44^l, 44^^.7)1^ 

44 341- eg*V o = H qfl^)o| t^^lo)| CflSflAi cfo] tH A] El 7fl H) ^ *1 7V^-§- *5 *1 *h ^ 44. 

°44i, ?J4^1i!.7)l^ 0^171(704 _6 -1-704 -6 -I)7f #1^4-^ 44<Sli ^^(w',, w' 2 , • •, w^J^r 4^r iS)4 

4 °i^l D J. 13 -a^H^ 4?>7W S vfl^Ajoi 7|-* 0 v 444^, 4°l'*lAiEi7ll^(w i sDi . w'sdz . -. w'sdn )» 4 
^>47] 7H V °1447l 4=14 44^1^21 ai^ di ^--g- 3^h1(SNR)4 *H444. ^l^^iL t)14 <a^2) a]-/^ 

4«H 22~44^ 284 %3in^ S 0 4 ^113 AjAl^OllA^O) 7l-t7il^ ^AJ-O) A o V A |$|. ^OJSV 74,0^, O] A] ojj 

A i2] 4^7]]^(w i 1 . w' 2 . • •. W N )t 44^a.7i|^(w i l . w'z, w j N )5. 4¥l oj-o-a €4. 

^2lal, £ A 4MHM1r 4°l»lA|El7l|4 91471(704 -8 -i)o)H 4^51^ 4 0 HA|El7il4(w i SD1 , w'soa , ". w' s 

DN )b 444 44^' 280l|Ai =A|£]^ ^^^i7]|4(w i 1 . W ' 2 , -. W' N )4 °14=11A1 t^- ^^Al^Bj JtAlSlcf. 
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4^3iL ^(w 1 ,, w' 2 . -. w' N )fe- 4 4M?fleM2l SNR n|-i:Sl ^^^i HlN«VHS. ^^^^^^(w'sd, , w 

'SD2 . -. w'sdn )^ *t SNR H] 3] 44. 444, A «M 4 °1 H a] E) 7]| ^ f- oj.§.Sfl4 7(-f> $*j4 

44*143 ^71(704 -9 -i)2) #3£ 4JL cfl 4-§- 43«l3. 4^ fl^ft 3* 4 £<y44:n. A 34£l4 431 
4 444 3+3 #*|4 444 ^44. 

£4. 443 4^°fl44 444*14 7414^ (w'sd, ,w' SD2 ,-, w' SDN )t S^Ji ^(w 1 ,, w' 2 , -. w' N )*M 

SJ44, 4^- 5 §i£ 7fl^(w\ , w' 2 , -, w' N )fe- 4-M.?flel4 #4?fl + 3*212 444(704 -4)°fl4 44*Rr 44 
7j|^ ^^12] 7_|- 0^0))^ ajs-o] 71-^^H^, 44 4 44 Tfl + (w' SD , , w' SD2 , -. w' SD N )- °^M£ A ° V 4 4£ 
7)1^ «<8^fi] 4 44*IH #144 4444. 

a. ajai^^a^ 4*j oj)t 44<Hl E444. Aj-gci]«HH2] 44434 £4. 
*fl^ 44£ + (4314 £4=N): 2(^44 27))*]) 
4£ 4£: 54Mbps/*114 
4«?fl34 4(=I): 48/*fl^ 
Ai a?))&lo| 42: 44: 64QAM 

44 4i4-§- 3/4, 444 73 4444 43>4/Viterbi 4£ 
*1]44 184 3143 sll 0 l^(rms 44 ^ = eflH= 50[ns], 3<31 £fel +44 = 50Hz) 
-4^31+: 444 ^4 A ] 28->fl43 K 44 K=13.4 444 

£ 36+ 4 4 A HH 4443 Ajf eflSAj £ 34 £) ^AjoflA-iSl afl^t °fl 4 4 (PER) 444 44^)4, *|13 H 

*1)143 44°W a)cHH] 4 A 3444 *-§-4 £ 312] 4^1 o)^ q% s.a^ 44^4. a. aJa)o|o| 2]4<H 

£ 3H £44 -7 A <H143 per 4 A d4 7^2] 4444 PER 4 A d4 7*11444 ?J* 4 + 014. 

442] 54 



444 44 4 AjAioii^A^ 4^34 7j-Aj ?iH £ei #32) 44 ^a^itf. 7fl444 $|*|]4 04 4.^ 4-spjji 
21 2+°l] 4 314 44 4^i£ /II 7 1 444 44*1] 344 4434 4444331+41 444n. ^!^2t Tfl^ ^ 
*> ^2] 4 Ai^ofl cflaflAi 44tHA|E)7il^ofl u|^4 ^Itf t^4^-S.4 4°1»He1 a4# ^J* 
-7 5i4. 4s cH 4-g- ?}^Hl2l 3jw 0 v e<Hl h|s))4 4^Ji t4|^» 4^*v 4^iL ^1^21 2*<H] H|el)t> Si^ 4 
2. tfl ^ 4^«H) u]3)|4£5., 4^1) t VA J 4°1«1 a 1e14 Jl4# -7 514. 5E4, ^ 4*I°HH 44«1 A 1 
eItII^I- 44471 ^)sfl4 °l-§-4-b 4^ A jiL /fl^r^ 44^14 ^1^1* 444-cr 4 A j°114 4^^1^r 44 d 1e1» °l-§- 
4 44-H1 2]3flAi ^e-4 7>^-47l nfl-g-o^ ^44 AjA^ 7)1 . o|^.5i)4 4s tfl 4-g- ?)^nlf- ^a^*v ^^ 7 j. $0.03. 

^•4 fl-£2l 4cfl» 514. 



- 49 - 



3-71)43.*} s-2002 -0079489 



(57) ^-?2) «4 
^-?^ v 1. 

#^<a-EflM-« lt«H, -r-5d ^4^2) OFDM^t ^7\ #4l°t6|uHH £a1s^ OFDM^Jl 

*14, 

A o v 7| N711S) Ai^f ^sj-fe- N7))2] ^-i!<?H14f £% v 4^ OFDM<dS n^^lSl-, 

A o V 7| 442) ^-y^Eflul-2} AJ-7] 440] ^AloVtflu)- ah^i 4 V5-#lk 33.°)] $H A 12) ^iMI^t ^Jf-o.s. z}± N 
42] 3# «8HS1 *1 i± 7fleM44 ^44^ ^47)4, 

47| <347H| 2)*IH oJaj. S Aj-7] ej^gofl ^7}sH 47) 0FDM4Ji. ^14*13. -f^l 471 0FDM4J: ^rtl 

^)S.2l 4£44 430^ av 7 | 74 Aijrx}^ 3s.7j.ofl x^lfe tJ-a^ 4#4fer 4^ -?a|4^r OFDM 

2. 

*fl 1%H) 

47) N7HS) ^443)4^ a)£ 2)^15)-^ £4* °l-§-«- 271)2) =£44^143.4 

47) N7l|2) =^43144 ^Mt}^ £4* °|-§-4 271)2) 4443144 OFDM "i! 

1%H) 5fl©H. 

47) 4471 47] 4 A d €#214 a o v 7 ) 0 FDM4± 444*HI 4^1 £U, 

47| OFDM-tlS £44*14 £E*h 

A cM 4 £44*1 4*11 34£)<H £4 -a^EH'oH) 4444 OFDM fe7)J), 

47l OFDM ^£7)2] i-S)# 4444 ^3)-^<HJ ttfef <f a} ^3)-^^ ig&slH A o v 7l ^^vH^H ^344 444 nr 
44 ^4711: -7u|5)l, 

A o v 7) 0FDM45L 444*14 £4, 

47) 4 444Efl4°fl *]^s|n] -^U^ 444<1 n)e}^j7l 444e]|4°]W 44£ 44 44421 444£-f ^± 

A J-7) ^Jl- 444 ^«-7H) 44 34SU 44 Q$W8<* ^7]^] tf7| 444 ~ 3H = >gt>7|S) #^<H] cflsflA^ 
^e)o))^sv ^e)t §)-b H4 4£H)«!47]t 

A o v 7) 44 *H4eH4 A o v 7) J14 4eH<S47|3.4&) *3sl4 *1 «?))£] <H 442] 44 0FDM-t!^4 47] ^^^2] 44 
#)4i, A o v 7) 0FDM4Ji 444*|7 r 4444 0FDM4il»ll d)44 a] h ? l)e)o] D ).c).2] ^ ^ 344 ^^5)-^ OFD 

^-?% v 4. 
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*fl 3%H| $H A i 

^7} OFDM A j31 ^-tf^lfe- SEtV, 

A o v 7) A OFDM ^2:7]^ tH-g^ N ^!f-S| sl-li^^sl- l^sHr 4°^ 5^2 t^7l$>, 

N 7]|f- 2] ^ISSl- $7) 3\H%^&% 4<f A <M OFDM ££713. *3sRr Sj3.2k 

#7l OFDM <S£7l if-E) OFDM ^-&BM n o>-& i'|EM D J^ ^-g-*Hr OFDM -SI-EM'S 

A oM £^l-g- ^4^r «S«-7| 2.-^*11 ^f-Sl^r U^-Sif- ^-ft*!?!* -7H|5H, 

A oM OFDM^lSl ^-UtfAlfe- ££*>, 

^7} ^Al-g- -^4=r £«:7H| 2-^*11 £--f-s]ir ^-Y- t^Ui- ^--g-eKr ^Ai-g- 1^712)., 

#7] JL^t 3-^°\\ *-§-£1tt a oM ^EM^S.^, Aj- 7 j s|-^3j4!£* tf7l ^-ti^i-MM ^ 

-i!«M OFDM Ul-EM n <J£ a o v 7 ] j,^ ^el«H|««:7H ^»Rr eM^Jl. g^lS -?wl*m, 

A oM ^7)rr #7] #7] ^°}t\\^S] S.^ 2*H1 djslH #7] ^^AHlLS] 5J 

tfl?»- A oM *<g-aH 7M<sHr OFDM^J: 3**1^. 

5. 

^ 4%H1 $l°H. 

A oM OFDM-tli ^tfslfe #7] 3)- 0 J^^lJ: 1H87M Sjafl^ a o v 7 ) 4<|J ^aJ^s. a]t]-^ a}^ a-] S ^^^x] 
s eM d J* 4 a t)1 ^Al^Ai A o v 7 ] oFDM^li ^^Hl *-tl«l-Jl, 

A o v 7] OFDM-US: ^^RM^r A J-7] a|^V^ a o VcH|a^ cfa^] ^Alsji. aJ- 7 ) zj. ^oJ^aj^s. ^a)^ ^M jU* ^eHS 
#7H| 2]5|H £3*1-^ OFDM^lS ?i^7.1^Efl 

6. 

A oM £A1 av 7 | ap^Al^ , £ A $7)±r, 

AiM?H^^ =^f- t «fl, i<fl*(i^ 1 °I A J I «1*>2] 3=^)2) Aiu^sHoflAi n'S^di^- 1 °] A J- N °1*1-S] 3^)2] 

£ A J<?M'-MH *4!5^m>JH A Jt(mf 1 ol-y-M 3^)2] 3}-^ ^S. ( />'_ ) # m« n'M^ A j3-a_3. *IH ag 

0°1 ?i3L, Sift, ^1 3- 4it «H2| *S1 ^I2]<el ^ a^ejol ^^jjgig^. H^a]?)^ ^a) 

>HH?i)e|<H sv^^^l t^7]5|-, 



^7) ^ ? ))e)<H 411^^1 1H7I3.-Y-E1 t^Ejfe i£H M7flel«H >H «7fl^<H 4°J e i^ s J# PI 

^{PJ.'-P.) OS. zfl^ ^71 Cf#4 "HI °J^*V^ SH-OJ^AI^ ^AJ 7]1 . ^H)5>J7, 
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a<M OFDM'ilS. ^^151 A o v ?l 331 <?l^|fe, 

eH2| ^^Efli+Sl m ^S-^flSl ^aJaIJt (r '_ )t n^^^l ^-£.2.3. 4rr N*8 N^S] -^a] u 7 fl^^ 4 

°J5J*S1(PR')* ^sRr ^ ^«.?fl^<H 411^! ^714, 



?fl e] <H <H1 cfllV a o v 7 | ^aio). e1 |u1-£]. A}-7| Aj£^2| agsjo] A-| u 7 ]| Sttr ^l (S')* J^tt 

4M?fleH #1^^ ^^K(S') )# t^sH^ pfls) ^a?fle]<H <jRV7lf- ^h14tt 

OFDM a 1Jl ^^Al^efl 

^% v 7. 

*1) 4 %HI $H A i 

OFDM-tlS ^r^J^-^l^ 

Aj7l ^Al-g. -4- #®7}$] #§H a 0 V 7 ] *^-§- ^-f^/l^l t^A)^^ Aj. 7 ) -ai^. -^« r it^l7lS] ^ 

AJ^2] ^4^ £4* ^3*H Ihfc* ^4^ i^l^ll #3SRr N7l)Sl ^4 ^4^ £4^33-4, 

A oM N^S] «&£4 ^Hr iLA)-^Aj S l 5 . £ H. El -t^£)^ A o V 7] BV^^ i^^AlSl TflA}^ #34 

tt t>^4 ^4^ £4^3*1 Tg^ s( . 

Aj-71 -^s).^ SlS.5.- a r E-| #33^ 3 j-?AHI ^7] ^4=r <S«-7)2] 4 #3 

o] Ui} ^4 j2.Al~f ji^Sj-fe- N7flS] «J£4 ^4^r -2.4^213.* ^w14tt OFDMAiJl 

8. 

A o V 7l !>£4 ^4^r SL*}^5\?L$r 1M ##4 ^3f--r -£-^:*)-§- 41 ^J^l 2) 44 ^7l4 g£ a|44^ av 7 , - 
Al^U) "S«;7|2l #3-1- *l<?tA| 7 |i, N7|)°| A)°d£|3.4, 

A o V 7| N7fl2] xl^SlS. #32) 4£^-§- 71)44^ N 7l]£] ^-i*^ 515.4, 

A <h7l ^44 -4- «i5V 7 | °) A o v 7) a-^^oj sl5L o} ^Av^fe- N 7fl°] 4i*Aj- 7 |^ 

a}7) «V^4 -^4--r iL4^"^^ 4 0 J5!aJx2| ^7H1 av.,^ AMa^ D j #01) a o >. 7 ] 

§# N7H2] £4, 

AJ-71 N7flS] aj-g-s)^ #33 ^5- SI- 5] 3.4. 

A o v 7] ^^-2)- s]s^ #3# ol-g-sM ^4-, A *>o| Hiafl^ ^a 0 v ^f-B 0 i=# ojAj-g^ ^^^^5)^4 

AoM n^^s\s.s\ #3# l^t a)^ hj-^4 ^4^ ^45. >S45l-^ ¥)a 0 v^4 sj^s. ^14^ ofdmaJs: ?i#4 
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4 7%H| SH A i 

444 £*HM133.1r #7] #£4 444 41J ^AsS] 44 ^714 7^4 a|444 av 7) 4 

■41-8- 444 *«7lS| *§)-§- ^91^1^1^ N7l)£| *)4s)£4, 

47l N7HS] ^]<aSlS f^2] 7)|A]-5feN7ll^ 4£3^ 

A o V 7| 4 A J-§- 444 £47)21 #34 ^-71 5]^2] t^-§- ^*h^N7||21 4^*^7)4. 

A o v 7) 4#4 444 -$L44 a <)-§- 41l3! A l£4 44 -^7H1 A 0 V#sKr ^t^r^i cflsfl^ av 7 ) 4£^aJ. 7] 4 

* ^l^N7fls] *4s]£4, 

^7} N7HS1 a}£i|s*| °|-g-*IM ^44 444 £*H tWHr fltf <3i4*Hr 3^333.4, 

A o v 7l ^3 3 4 3.3 #^4 i^f a|44°1 444 .2.43. <£44tt $3.$, 

A o V 7| N71121 ^ A o Vl £4 #^2| ^S^lf- #|5Rr W4 5)3* 4«144 OFDM^S. #4^^. 

^4% v 10. i 

71] 4%H1 SH4, 

A o v 7) OFDM -i! 32. 4^ #4 4 £E4, 

47) ^^Ji 42£<H| cflsflA-j eg 3$ 3 4ii4» *344 <H)e^^ 4JL714, 

A o v 7l <H|eM 4Jl7)£4e1 #e)£)lr 4^21 a^l «H14 0 1 A o v 7l 444 *§!44 ^El^t 4«14 

4 

47) OFDM^Ji 44#*14 SE4, 

A o v 7) 44 7 ( fl^e^] -t§H cfl*IH av 7 ) o) El ei^4 Sltfl ^44 eg 4^ nl4Ele)ul4, 

A o v 7l 4 <i!4 4^5.44 #344 oflBl^^ Hf 4£44 oflel^ 4X711- -7u|4^ 0FDM451 44 A 1^ E 4 

^-?'t 11. 

711 10%H1 $144. 

47) 0FDM4j2. 444*14 £4, 

47) 44 7j}^eloj -f^^Hl Cfltl 4^7||4* #1444 7^711^ 4444, 

4?| 71^7)1^ 444°1] 2) §1)4 344 AJ. 7 | 4^7l]^t 471 Tj-Aj ^#^2] f^4°fl 4444 4444 4444 O 

FDM45. Sl^l^. 

- 53 - 



it?m^ ^-2002 -0079489 



12. 

4 lO^oil $H A i, 

47| 0FDM45. *44*ltr 

A J-7| £4^iL 4£* ajtgig Aljrf- Aj-7] 4- j). ^ojx) £^ ^Al^Ji A)Jr.|. av 7 | 4 

47) 0FDM4S 4 A J4*lfe- £4, 

47l 0FDM4J1 ^171- *44rr 0FDM4il£l °J21S1 u ?H ^ <H1 44£ 47l 4^ 4*iH -fejSl T-tl #S 

* ^d*Hr-l- A Ji-*l ^44, 

47l OFDM 'tis *44*l7l- 47) *4^.SL 4iLf- >£4?J: 45l4 -tlBl ^4°))^ ^1 £4 4#e1S.4&l ^ 

3€ ZLtflS. £s|*UL. 47) 0FDM4JL £44*)7)- -§-4^ ^^Ji 4JL» ^^Mlxr 47l 

A <M ^111 1#7|4 47l f-4#4 4^7H) 2)4 ^4<^| 44A-I *4-|- «g44 OFDM 'tis. 4* A l:i'4 
^tH v 13. 

12t<>1] a1°H, 
47l 0FDM43: 4^4*1^ E*h 

-M °l-§-^fe *!3-3iL 7)|^t 444xr 443SL 31* 447)4, 

A o V 7) 44 *SH1 AJ-7) ^S^iL 7||4 °1^7)ofl4 #)44 Aj. 7) 4^ £ 7)141" -g-SRr ^^M. 3)4 

4^7)4, 

A o V 7| oj^HlAi flE^ AJ-71 oi^^2] AV 7) 4^xj a ^ 44 7 H|a) ojAy-g Aj.7) t))4^ 

4°)wHe1 444 34 7 ^o]| 444^ 4o )lJl A)^7j)-f. o d AV4i= 401^^^711^ 4444, 

47) 4o|u)A)E)7i|4 °d47H| £]5H ojAjs) Aj-7] 4o|^A|E]7i|^t 471 4^35L 314 4471°) -*^4J: o )l -S-4xr 
401^^^7114*^714, 

aj-7| 4o|aiAiEl7il4 *47l°l t34JLi- 7f44 0FDM4JH- t^Hr 7f47)t ^«14^ 0FDM4J: ^1* 

14. 

A lt°fl ^»1 A 1, 

A o V 7l ®^Z]7\ 471 0FDM4i £4*o V *H JL, 

A o v 7l 0FDM451 £4*o v *l^, 

N X}!§-2] *4 : 8*i 41:°1 zj-zf-t- OFDM ^^-S ^44^r ^|o|e1 447|4, 
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A o v 7l cfl°liH m&7)7\ A OFDM -Sl-sl A ^«?fle;<H-H) cfl*IM A o v 7] «^7|7l- 41=-*!: A o v 7| 

^7) i^sRr ^1^1 tfl«fl^i *Hr Ji^f eHI •S^lsl-, 

H^f 3*eH ^?}7l7> ^3.2) JjL*} ^4^3. <S?}*Kr h^)* ^H)*Ui, 

^7] ^A]^Efli47V ^)fV ^-o] -.A) Aiif- 4^1 ^^3- ^^Hr ^#71 i\, 

^7] ^Al-g- ^^Hr #®7\7} if^Rr N 7H*<\ ^r^3L% 7 -W) tfl«IH ^eH^S *H? N7fl°] 

^71 H^f ^e1°fl^€-7lS.^-El *3£lrr ^IM- Tllf-Dl-cl-^ OFDM -y-l-i- a) Eoj^. ^Vs)-^ ^£71* -7-0)3^ OF 

15. 

H 14%H| $M<M. 

Aj-7] <*)«gig < a A i7]7l- OFDM^lS T^^^H 4^£lJL, 

A o v 7l OFDM-ili 4^4*1^ 5EtK ^71 91^71 71- 7?V ^7)- ^H-i- <$7] OFDM^Jl ^iJ^lS #^ls>^ 

^!l^iL^7lt 

A o v 7| OFDM^S! £^4*1^ 31 th A o v 7l OFDM^lS ^tl^lS.-?- ^ £-frS|rr A o v 7) <3*Sl-§- 4>t]SHr "^l^Ji 4 
AJ711 -YulsU, aj- 7 | ^ 7j}^e^ a o v 7) tflolE^ ifl«-7|7> 4 OFDM tits} 4 ^ u ?11 e) <H 'HI <fl«B>H #71 °A 

^l^SL 4^71 7> ^A)sv Aj. 7 ) oftgg-g- ^xj-sj-fe. OFDM^Ii ^^Al^Efl. 

16. 

^1 14^<H1 ai<H A i. 

^7} °A^ B A <&&7]7} A o v 7| OFDM^lS ^-tl^H nj-^Sjal, 
A o v 7l OFDM^li #-tl4*l^ 5£*>, 

A o v 7l OFDM 'il 51 ^-tl4^1S.- ! fEl £#£H 5.^ A o v 7l 3f«y 5^1^21 -t-il^iLi- ^i}^ ^H^^S "r^^lf- ^u]^ 
H, 

^7] ^^71^ A o V 7 | Sj-Oj^J^ji -A] 7 ) 7 ). -A,*)- A o V 7 ] ^Oj^Al^O] ^Al^jiofl ^7]i%A] A q V 7 | Oj^Bj^ OJA}. 

A o v 7l OFDM^iS ^r-tl^-^lfe- 
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#7l jl^HFeM #®7]S\ ^ °3.*f-l] ^#*1 N7HS1 3^5Ja!^21 ^ $ $|#£ *\ u ? i|eHn1-cj- ^fsH #7] 4 
°J3!#:§:21 #71 ^^Ji* #71 0FDM4U £4J#*H £4!^rr 4^5!^ Ji £#7l* ^u|*Rr OFDM^IJ: 

17. 

#71 -^##44^ £# 71^-1- Dl ^Mlft 4l A|E OjEflul-oU, 

#71 *#^tii4^ ^# 71^-i- di 42 4s <a-«m-«n. 

#71 <?}#7] ^ #71 ft-a ^#^7}- #71 OFDM#2. £*2#*H) ^sU, 

#71 OFDM#5l =r##*l^ £Ett, 

#71 42 Item #4^1 cfl-i-tb N #^-21 «WRr 4H^#2 t A <S7l4, 

#71 B^S^LSt t A |7l7l- fe^S^N ^.^-2) 4<a^^i6j CH *H JT^ S}?eW S^*f^ *|1 Xi|E 37^ <2^ 

#7) 41 Afle o4^e}o]| £$7l3.J?-E| t^lfe #£1" 3## ^4^3. >fl«-*l-fe- *ll 4S. 

-^4=r ^«"7l5K 

#71 41 °J"Eim7l- -^## JfAj ^4^21 -^Ajit 42:0)1 aj#*V ^4^r£ £«-*Rr *»1 ^#-g- ^4^r 
££714, 

#7) 41 A|S ^#-8- ^4*r #&7}7\ #3*Rr N 4*2) ^##£3 ##°ti tfl*IH ^eH«fl$ ^* ^*Hr 1 

4S n-^r ^Hl £^714, 

#71 41 41 S jL*t «a*7|£*3 m*]xr 1H1I4 Tflf-nJ-cfSl OFDM ule<?| ^ «««K* N 7fl2l 4^71 

*k 

#71 41 41 S <*HI4°fl d|«IM #71 41 4|B f'aHr ^^7)S-¥-^ t^Sl^r ^£21 #^14, #71 *1|1 4M -"r 

#■§■ -^4^ »fi«:7lS #7) ^A1X2) ^Al-I- g£*Rf 4l 4]<= 4^4! *J«-7lf- ^14^, 

#71 OFDM^lJl £-il#*l^, 

#71 ofdm^J: ^^#^15. ^t^H #71 42 a|h <lie|i44a^ -ai^ ijLAi ^3f^£i s).<|)5jAi2:f- 42.4 

*1 ^4-^^ •S^Sl-^ 42 A|I -zAl.g. ~ s} ^ #4714, 

#7) 42 4M ^*]-g- ^3f^ wlsJ-71 7f #S>4^ Ai^o)| c||sflA^ - e |4 *HsHr ^12 41 H 24 ^Hl £«7| 

#71 42 4S2| JL^ ^^o\) ^Sl7)2l o.S-¥-El ^#£1 Aljrofl ^TlsjlA^ ^7} <**§^ ^t\^r #7| <»*§ S A <?! 

#71 5K 

<a^£)fe-N 4*21 ^ti^Ji ^221 #z}-i- OFDM N42] cflo)Ei ^t^lsl-, 

#71 4o]El >fi€-7l7> Ag^tt 4 OFDM <8#2| 4 A^ U.4Hl<H4 44A1 AJ7) oj^ej <3#7l7> a o V 7 | oj^^^. - 

#*V^#7l TiAj 
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A o v 7l 3l#el7> #3*Hr 4£°)l cfl«t|Al °*?eH ^IsHr 7^]2 ^1M2) n# ^-^e)ofl 3$7)s>K 

-*7l ^|2 41 = 21 H^^eM #&7}7\ *S|*Hr ^44^ 44 ^4^ t!|2 4|S # A J# 

A o v 7l ^|2 A(M ^Eflq-oU cflgflA^ a o v 7 | a|es) ^ai^. =-4- <a*7|3.J?-E] t^Slir A j22l #-414. ^71 a(2 41 H 
2) #41 # #4# «fl*7H £-g-S)£ Aj- 7 , sVa^Al^o] -4^ =g$Aj7|i=. 4|2 A1|S 2] ## A 1 ^S7lt #«|*R? OF 
DM-ilJL ^#Al>;Efl 

18. 

4#9 N7fl # A l<y-tl|4* 4^4 OFDM-t!SL #'i!#*)3.-¥-'H N7fl2j # A l<?HM-i #«1^ OFDM^iL # A H>-*13. #H 
£ #4#2) OFDM^S* ##*rTf OFDM A i Jl 3#*]±3<1 °l-g-£]^r OFDM^iL #4l#*l£*l, 

A o v 7l OFDM^li ^#AliEflo| 

Aj-71 4421 #A}0Vtfl44 Aj- 7 | 440) ^A16J. E1 |4 Afo] O) 4 AJ^XJOV 3 ^ ^T^f- Aj.g-O^ sj-ij N *> ^ tg- <g 
US] A^ ti ? l|e|4ul.4 OJAJ.4^. Ojjgpj <?!AV 7 |4 

AJ-7] ^ A >7H1 2)S|H ojAj-£ 47] o^^^ol ^sIH aJ- 7 ) OFDM^JJl # A H v *]5.-'rEl ^71 OFDM^lS #-iJ 

4*15.£] 4i:## 43°1H A o v 7l 4 a)j:4^ 33. A r o]4M 4^44 4aj aj y.^. 4^4^=. 4ah ^^21, 

A o v 7| 2^1 a 0 V 7 ] ^ejll-g- ^^471 3*IM A r#4fe N ##2] 4°J S A ^5-^ t^ A l?l^ 3^5}^ ^7) 

^71 OFDM^S: #4H v *l^r A 0 v 7l ^^<a <3 A J-7], 47| ^ ^Jl^ei A J-7| 4^5!^^ ^ s>4# #n|*r 

b OFDM^Jl # A H V *1. 

19. 

711 18%HI 5tf<>H, 

A o V 7| N7B2] #Alo} El |4^ Aj- 7 i N7) ,o) ^AioH fl 4 S A] aj-7) OFDM^lS # A 1 ; £*H1 4££ 43. 3]je4^ 3141- o|.g. 
4rr 27112] #Ai<y-Efl41- %^ A 1 A j-7l OFDM^^t a] S ajiiL4^ 3141- 0 l-8-5H A 1 # A i*rfe- 27fl2| #4 < ?M14 < ?1 0 

FDM41J: # A 1 ; #*1. 

20. 

Til 18*°B $i<H A L 

A o v 7) OFDM ^££7)2] #34 ^-444 44#°11 44 ^ #4#S <£S=IH A 0 v 7l #4°jEfl4°ll #-t!-8- ^ 

4# ««714. 

A o V 7) HrH^A]^ 4^7)4 

N Tilf-s] #A) A ja. -yjisl a o v 7 ) 4 < M5l A i^-f 4#^sf^ s|5.2>, 

A o v 7l 4^4 S1S.«H] Aj4£)o] ^4 ai^4o] Do Io)] ^ ?! 8)14 #44^ OFDM ^S7l2K 

A o v 7l OFDM ££7) S.^ofl ^f-sj OFDM 4) -&4 0 1 D J # A o v 7| # A i A l± l &> o_3.*\ OFDM 
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^7} ^-g- ^3Hr ««-7l S.^<H| *f-S|fe- -^-ft^i tii* i^fe ^l-§- -^-f » s ^7)t -?HlsH, 

A o v 7l spj^^li ^^71^^71 OFDM A liL 'r-tt^H A o v 7] 9! A J-7)7l- N ^=0] ^ 

HHty] Af-i-s}-^- a o v 7 }. n ^ao] 3 ).o^jAi i | a o v 7 | zj- OFDM »S27M cH-g-SflA-l H^a]?)^ OFDM-idS. * 

A J^|. 

^7% v 21. 

*l 20%H| $M A i 

A|?l-b OFDM^IH #^^1. 

^T L %>22. 

^1 20%M| fl°H. 

^«7ll^«H =r* iel-al t «ti, 1 °l A o V I 3^)2] Al« ? lls|^«H|A-| n >ti*l|(n£- 1 °l A o v N °1*|-S] 3^)3 

°) 0°) #3 *8 e d ^ a «1]S] <g$ o)-qo} ^a) Ai u?He]<H sHJ^^-l- ^a]?!^ ^a) ^ 



A o v 7) a1«t||hH s|-«)3<8£ t^7ls. J fEl *^^fei<J!^s] *m7HeH AiHffleH s^Si^-i- PS. 

JH-€ #41 A i«7llBl<H 4115}^ l(P') 3.^3 m*3 n^^2] n 7H^ ^EfluJ-Sl m #41 ^M-^ 

A^a-) Aj. 7 ) si^^ ^ajsj-fe. -7^711- 7«|sRr OFDM^lS ^tf*]. 



23. 

*ii 2o%hi stw, 
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